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PREFACE. 


THE revolution in dairy practice brought about 
by the introduction of the centrifugal cream  sepa- 
rator and the Babcock test for fat and by a more 
definite knowledge regarding the various fermenta- 
tions that so greatly influence milk and the manu- 
facture of its products, has seemed to demand the 
. publication of a small handbook that shall give 
to the dairyman, and particularly to the dairy 
student, in simple, concise form, the principles un- 
derlying modern dairy practice. In attempting to 
meet this demand, I have had largely in view the 
needs of my own students, while still keeping in 
mind the general dairy reader. 

In the collation of the information, where so 
many points are still unsettled, it is of course dif- 
fieult in all cases to distinguish fact from conjec- 
ture. The aim has been at all times to give 
the present state of knowledge as supported hy 
the weight of evidence and the opinions of those 
whose authority is highest. In how far this has 
been successful time alone can tell. It would be 
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too much to hope that every conclusion will stand 
the test of further investigation and experience. 

Dairy practice in the United States owes much 
to the investigations of the Agricultural Experiment 
Stations. Of the results of their labor free use 
has been made in various ways, and in many cases 
without specific mention at the particular place. 
Without wishing to make distinctions, particular 
acknowledgment is here rendered to the reports 
and bulletins of the Stations in Maine, New Hamp- 
shire, Vermont, Connecticut (Storrs), Canada, New 
York (State), New York (Cornell), New Jersey, 
Pennsylvania, Illinois, Towa, Wisconsin and Minne- 
sota. For those who wish to make more extended 
investigations, a bibliography is added in the Ap- 
pendix, giving references to many bulletins. 

Thanks are due to D. H. Burrell & Co., the 
Vermont Farm Machine Co., the DeLaval Separator 
Co., the Star Milk Cooler Co., the Champion Milk 
Cooler Co., J. F. Hodgkin, and F. B. Fargo & Co., 
for the use of electrotypes. 

Acknowledgment is also due my _ colleagues, 
Messrs. Cavanaugh, Durand, Hall and VanWagenen, 
for valuable assistance, and to Professor L. H. 
Bailey for much friendly counsel and many useful 
suggestions. 

HENRY H. WING. 


CORNELL UNIVERSITY Dairy, 


January 1897. ret ‘ 
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MILK AND ITS PRODUCTS. 


CHAPTER I. 
THE SECRETION OF MILK. 

THE females of all animals that suckle their 
young (class Mammalia) secrete for this purpose a 
special fluid which is known as milk. It is an 
opaque yellowish white fluid, with a slight alkaline 


reaction and a faintly sweetish taste. It consists 
of an emulsion of fats in a watery solution of 
alkaline salts, casein and sugar. It is secreted in 


two special glands situated without the body cavity 
on either side of the median line, and known as 
the mammary glands or mamme. 

Manmary glands,—While, strictly speaking, there 
are but two glands, each gland may be divided 
into two or more lobes, each having a separate open- 
ing; thus, while there are ordinarily but two simple 
glands in the ewe, mare and goat, in the cow there 
are four or six, in the cat and bitch six to ten, and 
in the sow ten to fourteen. In animals having 
multiple glands, the mamme occupy nearly the whole 
of the lower part of the chest and abdomen. In 
other animals the glands are confined either to the 


chest or abdomen. In many animals each gland 
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or lobe is furnished with a single opening connect- 
ing with a single duct, in others several ducts 
open independently upon the surface of a single 
nipple or teat. The mammary gland is a_ true 
organ of secretion in the sense that its product (milk) 
contains substances not before existing in the blood, 
that are formed during the process of secretion in the 
gland itself. In the cow the mammary glands are lo- 
eated on the posterior portion of the abdomen be- 
tween the hind legs, and each gland is made up of 
two lobes or quarters, each having a single outlet 
furnished with a single duct, though there are often 
one and sometimes two rudimentary ducts upon the 
reav quarters, and which are occasionally developed to 
such an extent that milk may he drawn from them 
in small quantities. The whole organ is spoken of as 
the udder, and the ducts as teats. While the mam- 
mary gland is essentially a female organ, it is present 
in a rudimentary condition in the males of all mam- 
mals, and in exceptional cases in man and in the lower 
animals the organs of males have developed to such a 
degree as to secrete milk. 

The cow's udder.—The udder is enclosed in a fold 
of skin, which is here thinner and softer than upon 
other parts of the body, and is supported by a band 
of fibrous tissue that springs from the median line of 
the body and extends through the whole substance of 
the gland. It varies very much in size and shape 
in different animals and in the same animal at dif- 
ferent times. Its size is not always an indication 
of the secreting powers of an animal, since the num- 
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ber of true secreting follicles does not necessarily bear 
any relation to the apparent size. The udder in a 
good cow should be large and well developed; it 
should occupy the whole space between the hind 
legs, extending well up between the thighs and 
well forward upon the belly. It should be held 
firmly against the wall of the abdomen. It should 
be level or nearly so on the bottom, and the four 
quarters should be as nearly as possible equally 
developed and each furnished with a cylindrical per- 
pendicular teat of moderate length. The whole 
organ should diminish rapidly in size as the milk 
is withdrawn. The hair upon the udder should be 
fairly abundant, fine and soft, and abundantly sup- 
plied with a brownish dandruff. 

The substance of the udder is composed of the 
fibrous band, already mentioned, connective tissue, 
fatty tissue, milk ducts or canals, true secreting 
cells (acini, ultimate follicles, alveoli), veins, arte- 
ries, nerves and lymphatics, the whole making up a 
reddish gray mass of spongy texture. 

The udder varies very much, in different indi- 
viduals, in size and shape as well as in internal 
structure and secreting capacity. In some animals 
the amount of connective and fatty tissue is much 
larger than in others. Such udders are said to be 
“fleshy,” and while usually of large size and good 
shape, are deficient in true secreting capacity. They 
are firne to the touch, particularly when empty, and 
do not markedly diminish in size when the milk 
is withdrawn. It is generally supposed that such 
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udders are more subject to inflammations and in- 
flammatory diseases than those with less fatty tissue. 
In many cows, particularly while young, the fibrous 
net-work that supports the udder is held firmly up 
to the under side of the abdomen. If in con- 
nection with this the udder has comparatively little 
connective and fatty tissue, the animal will have 
an udder apparently small, but with large capacity 
for secretion. In old cows, particularly those that 
have been large milkers, the fibrous bands often 
become largely relaxed, so that the udder falls 
nearly to the ground, and appears to be of enor- 
mous size. 

Internal structure of the udder and teats.—The 
teat is simply a canal surrounded by muscular walls 
and closed at either extremity by an involuntary 
sphincter muscle. These muscles, particularly the 
lower ones, vary much in rigidity in different ani- 
mals. Often they are so lax that the pressure of 
a small amount of milk in the canal is sufficient 
to open them, and the animal leaks her milk. In 
other animals, it requires a strong effort of the 
hand to draw the milk. Where the animal milks 
unduly hard, the rigidity may be overcome by keep- 
ing a smooth wooden plug of sufficient size to 
moderately dilate the opening in the end of the 
teat till the muscle relaxes sufficiently to permit 
easy drawing of the milk, or the muscle may be 
partially divided with the knife in the hands of 
a skilful operator. At the top of the teat, or 


bottom of the udder, there is a small cavity k 
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as the milk cistern, serving to hold the milk 
after its secretion until it is drawn. It is of 
varying capacity, though it seldom holds more 
than half a pint. From the milk cisterns a system 
of canals or so-called milk duets extends to all 
portions of the udder. These ducts are larger near 
their opening into the milk cistern, and diminish 
in size as they rise through the udder. They 
branch and anastomose freely in all directions, and 
finally end in a group of small sac-like bodies, 
the ultimate follicles. The system of milk ducts 
arising from each teat is practically distinct, 
though there is more or less communication be- 
tween the smaller ducts in the upper portions of 
the two quarters on the same side of the animal. 
This renders it possible to draw a part of the 
milk secreted in the hind quarter from the forward 
teat on the same side, and vice versa. There is 
no communication between the ducts on opposite 
sides of the animal. At the junctions of the 
larger ducts there are greater or smaller enlarge- 
ments, forming small cavities or milk reservoirs, 
which serve the same purpose as the _ reservoirs 
at the top of the teat. The branching points 
of all the ducts, large and small, are guarded by 
sphincter muscles. These muscles are connected 
with the abdominal muscles of the animal, and she 
is able to more or less completely close them at 
will, and so “hold up” her milk. It requires a 
strong effort on the part of the animal to com- 
pletely close the larger ducts in the lower part of 
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the udder; a comparatively slight effort is all that is 
necessary to close the smaller vessels. Animals vary 
greatly both in the control they possess over these 
muscles and in their disposition to use it. Very few 
can completely close the larger ducts, and very many 
rarely exercise whatever power they do possess. Sud- 
den fright, the presence of strange persons or animals 
in the stable, any irregularity in the time or manner 
of feeding or milking, and slight feverish conditions, 
particularly sexual heat, are the most coiamon pro- 
vocatives to holding up milk. There are very many 
cows that contract the habit of holding up the milk 
upon the slightest provocation, and if the habit is 
once formed it is almost impossible to cure it, and 
the result is that the usefulness of the animal as 
a milk producer is largely destroyed, for the reten- 
tion of the milk in the udder interferes greatly 
with the activity of secretion, and in a short time 
permanently lessens it. 


The ultimate follicles.—The milk ducts, after 
branching and anastomosing in all directions, finally 
end in a group of small sac-like bodies known as 
acini, or ultimate follicles. It is in these small 
bodies that the secretion of the milk takes places. 
They are about 1-30th of an inch in diameter, and 
are found in groups of three to five, with a com- 
mon outlet at the end of each branching duct. 
In form and appearance they present marked 
changes according to the condition of the animal. 
During active lactation they are found in their 


highest development. When lactation ceases, the 
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smaller ducts become much _ retracted, and the 
follicles shrink in size and finally become rudimen- 
tary, or even entirely disappear, until under the 
stimulus of a succeeding pregnancy, the whole 
gland renews its activity, and the ducts and _ fol- 
licles regain their former size and appearance. 
New ducts and follicles may also be formed up to 
about the fifth or sixth year, and the power of 
the animal to secrete milk be thereby increased. 
Surrounding the follicles, and intimately attached 
to them, are capillary blood vessels, both veins and 
arteries, and through the cells of the membranes 
making up the walls of all these vessels the fiuids 
of the blood freely pass into the cavity of the 
follicles by means of osmosis, or transudation. 
The cavity of the follicle is lined with epithelial 
cells, that during lactation are filled with proto- 
plasm, and are capable of rapid multiplication, 
growth, and degeneration, at the same time that 
the cell contents are undergoing rapid and exten- 
sive changes. 

The secretion of milk.—The milk is formed from 
the blood, partly by the transudation of the blood 
serum directly into the cavity of the milk follicle, 
and partly by a transformation of the contents of 
the epithelial cells lining the cavity of the follicle, 
which at this time are especially active. The 
water passes directly from the capillaries into the 
milk follicles and ducts, carrying with it the min- 
eral constituents in solution and a part,of the al- 
bumin of the blood serum; but by far the larger 
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part of the albumin is in some way changed dur- 
ing its passage from the capillaries, and appears in 
the cavity of the follicle as the casein of the milk. 


Fig. 1. Section through alveoli of the mammary gland of the dog in first and 
second stages of secretion. From Meade Smith, after Heidenhain. 


When milk is being secreted, the lining cells of 
the follicle are in a state of constant activity. 
New cells are constantly being formed by budding 
or fission (the cell elongates, a partition forms 
across it, and the two halves so divided enlarge to 
the size of the mother cell, and there are two cells 
where but one existed before), and older cells are 
as constantly breaking down. While this is going 
on, the cell contents, consisting mainly of protoplasm, 
become changed into a globule of fat, and the 
globules so formed are either extruded through the 
cell wall into the cavity of the follicle, or set free 
by the breaking down and reabsorption of the cell 
wall. In all probability both processes take place. 
Small portions of the fat may also be carried over 
directly from the blood and appear in the milk 
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through a chemical change in the contents of these 
lining cells, since but minute quantities of sugar 
are found in the blood. 

Incentives to secretion.—Maternity is the prime 
incentive to the secretion of milk. While there is 
a distinct increase in the development of the mamme 
upon attaining puberty, it is not until pregnancy is 
well advanced that the organ attains anywhere near 
its full development, or that there is any activity 
in the true secreting cells. In the virgin animal, 
and up to within a short time of parturition, the 
cavities and ducts of the udder contain a watery 
saline fluid, but true milk does not appear until a 
short time before, and in some cases not until after, 
parturition. The immediate stimulus to the produc- 
tion of milk is the turning of the blood that went 
to nourish the foetus from the arteries of the uterus 
to the arteries of the udder. The pressure of blood 
in the vessels of the udder stimulates the secreting 
cells to great activity, and the cells, hitherto dor- 
mant, begin to multiply rapidly. When this activity 
is first set up, the various processes of secretion are 
more or less incomplete, so that the milk first se- 
creted is very different in character from that se- 
ereted afterwards, and is known as colostrum. The 
colostrum contains in the first place considerably 
less water than normal milk; in the second place, 
the transformation of albumin into easein is only 
partial, so that colostrum contains large amounts of 
albumin; and finally, when secretion of milk begins, 
the cells of the follicle multiply more rapidly than 
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they can be reabsorbed, and portions of -partially 
broken down cells break away from the walls of 
the follicle and appear in the colostrum. Gradually 
the colostrum takes on the character of normal 
milk, and in the course of four or five days the 
change is complete. Other characteristics of colos- 
trum are discussed in detail in the next chapter. 

While maternity is the prime cause of secretion, 
it is not the only means of stimulation to the ac- 
tivity of the udder, nor is it a necessary prerequisite 
to the secretion of milk. The regular removal 
of the saline fluid in the gland of the virgin 
animal, or even the stimulation of the organ by the 
friction of the hand or the suckling of a ealf, may 
be sufficient to cause the secretion of milk of nor- 
mal character in considerable quantities. In the 
same way and under the same exciting causes, other 
glands of the body, notably the lymphatics in the 
arm pits and the rudimentary mamme of males, 
have been known to secrete a fluid resembling milk 
in all essential characteristics. 

Amount and duration of flow.—With wild ani- 
mals in a state of nature, the milk is secreted only 
in amount sufficient for the needs of the young 
animal, and only until the young is sufficiently - de- 
veloped to secure its food independently of the 
mother. Under the influence of domestication the 
cow has been brought to increase her flow of milk 
many fold, and the time during which it is se- 
ereted has been lengthened until it is almost, and 
indeed is, in some cases quite continuous. A dis- 
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cussion of the agencies by means of which this 
most important result has been brought about 
would open up the whole question of the selection, 
breeding and training of cows, as well as every- 
thing pertaining to the science of foods and _ feed- 
ing, which is not here possible. There are, how- 
ever, some physiological conditions affecting the 
secretion of milk that may be mentioned. 

Milk is secreted from the blood. The amount 
of milk secreted will, therefore, depend upon the 
amount of blood passing through the udder, and 
this, in turn, will depend upon the number and 
size of the blood vessels, not only in the udder it- 
self, but leading to it and away from it, the vigor 
of the circulation, the supply of food to the ani- 
mal, and her capacity to eat, digest and assimilate 
it and turn it into blood. From or shortly after 
parturition, there is a constant tendency of the 
blood vessels in the udder to shrink in size, and 
consequently a constantly diminishing flow of milk. 
When the period of lactation advances at the same 
time that the pastures are growing more scanty 
and less succulent, this diminution is fairly regular 
and constant, especially after from three to five 
months of the period of lactation have passed. This 
tendency to shrinkage in the size of the blood 
vessels of the udder may be held in check in great 
measure by an abundant supply of nutritious food, 
particularly if it is of a succulent character, and 
it is not at all uncommon to find cows secreting 
milk in regular amount, or “holding out,” for eight 


Digitized by Microsoft® 


12 Milk and Its Products. 


or ten months. But in this respect the individ- 
uality of the animal plays an important part, so 
that wide variations are seen in different individ- 
uals under the same conditions of food and care. 
After a shrinkage in the flow has once taken place, 
it is extremely difficult to again increase it by 
increased food until after another calving. 

Effect of succeeding pregnancy.—The effect of the 
animal again becoming pregnant is to decrease the 
flow of milk. The cause of this decrease seems, 
in many cases, to be two-fold: First, a sympa- 
thetic effect, following immediately upon conception, 
and secondly, a shrinkage due to a turning away of 
a part of the blood from the udder to nourish the 
growing fetus. This shrinkage does not become 
marked until the fourth or fifth month of preg- 
nancy. In this respect, as in their power to “hold 
out,” individual animals show the widest variation. 
With very many the effect of becoming again preg- 
nant is so slight as to he scarcely noticeable ; with 
others it is so great as to materially interfere with 
the usefulness of the animal. 

Incomplete removal of milk.—One of the most 
important means of checking the secretion of milk 
lies in the incomplete removal of milk already se- 


ereted. We have already seen that the removal |... 


of the saline fluid from the duets of the inactive 
gland is an efficient stimulus to secretion. So, too, 
the presence of milk in the ducts acts as a check 
to further secretion. Further than that, it not 


only checks secretion but is an actual irritant, suffi- 
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cient in many instances to give rise to inflammations 
of a serious character. Clean milking is one of 
the most important aids in keeping up and _ pro- 
longing the flow of milk. 

Regularity and frequency of milkiny.—While the 
process of milk secretion is a continuous one, it is 
not entirely uniform. There is reason to believe 
that the secretion is considerably more rapid while 
the operation of milking is going on, and that a con- 
siderable portion of the whole amount is then secreted. 
On the other hand, the distension of the milk ducts 
and reservoirs by milk already secreted acts as more 
or less of a check upon the activity of the follicles, 
and so lessens the rapidity of secretion. | While for 
these reasons it would be inferred that frequent 
milking would lead to increased secretion, the limits 
of such increased secretion are moderate, and beyond 
a certain point no increased flow of milk is secured 
by increasing the frequency of the milking periods. 
In all cases where the udder becomes unduly dis- 
tended with milk between periods, an increased flow 
will be secured by milking oftener. The common 
practice is to milk twice in the twenty-four hours, 
and the nearer the time can be divided into equal pe- 
riods the more uniform will be the secretion. Where 
more frequent milking is practiced the same principle 
will hold. Not only is regularity in the period from 
morning to night of importance, but regularity in 
the time of milking from day to day is equally so. 
A difference of an hour in the time of milking will 
frequently make a difference of 10 per cent in the 
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amount secreted, and where these irregularities are 
frequent, will soon result in a considerably diminished 
flow. The amount of milk given is also considerably 
affected by the way in which the milk is drawn. 
In general, it may be said that rapid milking is con- 
ducive to a large flow. In any event, the milk 
should be drawn so that no discomfort is caused 
the animal, and in this respect there is great dif- 
ference in milkers. A rapid, uniform stroke, with 
a firm touch on the teat, and a stroking motion to 
the lower part of the udder, gives the best results. 
Babcock has found that certain milkers uniformly get 
not only more but richer milk from the same cow. 

Control of the animal over secretion.—The  secre- 
tion of milk is involuntary. The animal can no 
more control it than it can control the respiration 
or the circulation .of the blood. Yet there are 
numerous conditions of the animal that have a 
more or less direct effect upon the secretion of milk. 
These conditions have not only to do with the physi- 
eal condition of the animal—as the supply of food, 
the circulation of the blood, extremes of temperature, 
ete.—but extend in large measure to the nervous 
organization and condition of the animal. We have 
already seen that the animal may by an exercise of 
will more or less completely control the withdrawal 
of milk already secreted; so, too, there are nervous 
conditions that have a great effect upon the actual 
secretion. Sudden fright, an unfamiliar milker or 
attendant, unusual excitement, sexual excitement, or 


the presence of an animal in heat in the herd, an 
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unusual amount of exercise, or any one of many 
other causes, may be sufficient to decrease the secre- 
tion of milk one-half in any one day. The effect 
of such disturbances is usually quickly overcome, but 
their frequent recurrence leads to a permanent diminu- 
tion of the secretion. The nervous organization 
of the animal is a most important factor in deter- 
mining the effect of these various disturbing influ- 
ences. Many of the animals in which the powers of 
digestion, nutrition and secretion are most highly de- 
veloped are possessed also of a highly developed and 
sensitive nervous system, and hence are easily affected 
by any disturbing condition. With all such animals 
it is of the utmost importance that every condition 
surrounding the animal should be as regular and 
uniform as possible. Other animals of equal capacity 
show a remarkably quiet and phlegmatic nervous 
temperament, and are consequently slightly or not at 
all affected by such disturbing influences. Such an- 
imals are of great value to the milk producer, for 
with the utmost care and regularity there are always 
disturbing influences beyond the control of the 
dairyman, 
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CHAPTER IT. 
COMPOSITION OF MILK. 


THE constituents of milk are numerous and of 
diverse character, but may be easily classified into a 
few well marked groups as follows: (a) water, (b) 
fats, (c) substances containing nitrogen (albumi- 
noids), (d) sugar, (e) ash. Excepting the water, they 
are collectively known as milk solids. The solids 
exist partly in solution, partly in semi-solution, and 
partly in suspension in the water. Milk from the 
various classes of animals has the same _ general 
constitution and properties, and varies only in the 
relative proportions of the various proximate ‘con- 
stituents. Cow’s milk is typical of all milks, and as 
it is the only milk used in processes of manufac- 
ture in the United States, all of our discussions 
have reference to it alone. In various other coun- 
tries milk from the goat, ass, mare and ewe is con- 
siderably used, not only as food but for the man- 
ufacture of various products. Indeed the peculiar- 
ities of some of these is supposed to be largely due 
to their having been made from the milk of ani- 
mals other than the cow. Koumiss, made from 
mare’s milk in Arabia, and Roquefort cheese, made 
largely from ewe’s milk, are noteworthy examples. 
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All of the milk constituents are more or less va- 
viable in quantity, and many of them vary widely ; 
hence it is not possible to make a statement of the 
average percentage composition of milk that will give 
more than a general idea of its composition. The 
following are taken from recent authorities in the 
various countries: 


American. English. German. French. 

(Babcock.) ( Oliver.) (Fleischmann.) (Cornevin.) 
Water . + 87.17 87.60 87.75 87.75 
Fat . 3.69 3.25 3.40 3.30 
Casein 3.02 3.40 2.80 3.00 
Albumin 53 45 -70 
Sugar . . 4.88 4.55 4.60 4.80 
Ash. . . 71 +75 15 75 

100.00 100.00 100.00 99.60 


The following, from Keenig, shows the range of 
variation of the several constituents in nearly 800 
analyses collected from all parts of the world: 


Maximum. Minimum. 
Water . 90.69 80.32 
Fat . 6.47 1.67 
Casein . F « 4,23 1.79 
Albumin ‘ i faa 2 » 14d 25 
Sugar . 6.03 2.11 
Ash . 1.21 35 


While the range of variation shown above is 
considerable, some of the constituents, notably the 
fat, may show even greater ranges in milk secreted 
by normal, healthy cows. It is probable that the 
minimum of Kcenig is seldom exceeded, but as high 
as 10 per cent of fat has been found in the milk 
of single cows giving a very small quantity. Bab- 


cock states that no analysis showing more than 9 
Digitized by Microsoft® 


18 Milk and Its Products. 


per cent of fat is recorded from any cow giving as 
much as 15 pounds of milk per day. Any analysis 
above 7 per cent is extremely rare, and should be 
regarded with suspicion unless well authenticated. 
The mixed milk of herds seldom falls below 3 per 
cent of fat and rarely rises above 5.5 per cent. 
Colostrum.—The first milk secreted by the animal 
after parturition is quite distinct in composition and 
physical properties from that produced after the 
secretion has become well established. Such milk 
is called colostrum, and is ordinarily considered 
unfit for consumption or manufacture. Colostrum 
differs from common milk chiefly in its less propor- 
tion of water, in the much greater proportion of 
albumin and ash, and in the presence of small 
organized bodies known as colostrum corpuscles, which 
are probably debris of the cell structure of the gland. 
The percentage of albumin in colostrum is so great 
that it will cause the whole amount of milk to 
thicken upon boiling, and this is ordinarily consid- 
ered a sufficient test for determining the suitability 
of the milk for consumption or manufacture. With- 
in four or five days after calving, the milk loses its 
colostrum character and takes on its normal condi- 
tion. This change is a gradual and progressive one, 
and is more or less dependent upon the physical 
condition of the animal. When the cow is feverish, 
or when there is local inflammation in the udder, 
the colostrum character of the milk is retained 
for a longer period than otherwise. The amount 


of coloring matter. DUSSiMbosolf also considerably 
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greater in colostrum than in normal milk, and the 
percentage of fat varies very widely. Usually the 
percentage of fat is less in the colostrum than in 
the normal milk from the same cow, although oc- 
casions are not infrequent where more fat is found. 
in the milk immediately after calving than at any 
other time in the whole period of lactation. 

Specific gravity of milk.—Some of the solids of 
milk are heavier than water and some of them lighter, 
milk as a whole having a specific gravity somewhat 
greater than water. The variation in the specific 
gravity is considerable, the range usually given being 
from 1.029 to 1.035 at 60° F., the average being 
about 1.032. In general, the effect of an increase 
in the solids of the milk is to increase its specific 
gravity, though in milk extremely rich in fats (six 
per cent or above) the specific gravity is lessened. 
Formerly, more than at present, it was the custom 
to estimate the quality of the milk by determining 
its specific gravity, but as soon as it became known 
that the specific gravity depended not so much upon 
the amount as upon the character of the solids, a 
determination of the specific gravity became of little 
value. Unscrupulous dairymen soon learned that 
water could be added to milk and fat or cream 
taken from it in such proportions that the specific 
gravity would remain the same as that of normal 
milk. 

The fats.—The fat of milk, or butter fat, as it 
is often called, is a mixture of a considerable number 
of separate and distinct fats, no less than six or 
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eight being normal to milk, and a considerable fur- 
ther number may be present under various conditions. 
The fats in milk are of two kinds, volatile and non- 
volatile. To the former class belong the various 
normal essential oils that give to milk and butter 
their characteristic odors and flavors, and in addition 
to these normal fats there may be a large number 
of volatile oils that are present in the food of the 
cow, and that impart to the milk the characteristic 
flavors of such foods. 

The volatile fats.—The volatile fats make up only 
a small part of the total milk fat; in general, some- 
what less than eight per cent of the whole. The 
chief normal volatile fats are butyrin, caprin, caproin, 
eaprilin and rutin. Of these, butyrin is in much 
the largest proportion and of much the greatest im- 
portance. It is the chief volatile fat of milk and 
butter, and to it are due in large part the character- 
istic flavors and aromas of milk and butter. Butyrin 
readily decomposes, forming butyric acid, which is the 
chief element in the rancid or “frowy” taste that 
butter acquires upon long standing. 

The volatile fats that are derived directly from 
the food may give either desirable or undesirable 
flavors to the milk. Thus we esteem the character- 
istic flavors due to the grasses, clover and like fodder; 
on the other hand, the stronger flavors of garlic, 
onions, turnips, cabbage, ete., give to the milk an 
undesirable character. 

The presence of these undesirable flavors in milk 
is often a source Mfitizad BOORrodevd of annoyance, but 
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with proper precautions the bad results coming from 
them may be greatly lessened, and in many cases 
entirely obviated. Since all of these flavoring oils are 
volatile, they easily pass through all the tissues of 
the animal, and in a comparatively short time pass 
off through the various excretory channels. We shall 
find them present in the greatest amount not only 
in the milk, but in all the tissues of the animal, 
during the time that the fodder containing them is 
undergoing digestion, and by the time the digestion 
is completed the volatile products will have almost 
entirely passed away. If, therefore, sufficient care 
is taken to so time the feeding and milking that the 
milk shall be drawn not less than ten or twelve 
hours after the undesirable fodder has been eaten, 
there will be slight danger of contamination of the 
milk by it. Whereas, if milking occurs within three 
or four hours after feeding, the milk will be 
strongly impregnated with the undesirable flavor. 
Taking advantage of this, and feeding cows immedi- 
ately before or immediately after milking, dairymen 
are often enabled to feed large quantities of turnips, 
and even onions, without danger of contamination of 
the milk. The presence of wild garlic and wild 
onions in pastures is a source of bad flavor in the 
milk in a considerable portion of the country. Where 
this is the case it is, of course, more difficult to 
overcome the bad flavor, but by allowing the cows 
to pasture for a comparatively short time only im- 
mediately after milking, and keeping them up and 
giving them some dry food for three or four hours 
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before milking, there will be a great deal less an- 
noyance from this source. 

The non-volatile fats.—The non-volatile fats make 
up about 92 per cent of the whole amount of fat, 
and consist almost entirely of three fats, known as 
olein, palmitin and stearin. They are glycerides of 
the corresponding fatty acids, oleic, palmitic and 
stearic, and differ from one another chiefly in their 
hardness or melting point. Olein is liquid at or- 
dinary temperatures; stearin and palmitin are solid, 
their melting points being about as follows: Olein, 
41° F.; palmitin, 140° F.; stearin, 150° F. The 
mixture of the whole, as we find them in ordinary 
butter, melts at from 92° to 96° F. The pro- 
portion of olein varies from 30 to 50 per cent, the 
palmitin making up a large part of the remainder, 
the stearin not rising above 3 or 4 per cent in 
most instances. The following table will give an 
idea of the ordinary proportions and distribution of 
the various fats. 


Olein. . DY cet 5 F ; 42.2 
Stearin and palmitin, together 5 - ‘ 50. 
Butyrin : j : ‘ 7.7 
Caproin, caprilin, myristin, rutin, ete. an ited ‘i el, 

100.0 


It is asserted that the coloring matter of the 
fat is most intimately associated with the palmitin. 
The fat exists in the milk in the form of an emul- 
sion of extremely small globules, varying in size 
from tsco to zs00 of an inch in diameter. These 


globules are not, surrounded by pellicles, or so- 
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called skins, as was formerly thought, but main- 
tain their form by reason of the surface tension of 
the liquid fat, and also to some extent because of 
a layer of more or less condensed casein that im- 
mediately surrounds them. The permanency of the 
emulsion is further increased by the viscous nature 
of the milk serum, due to the presence of sugar 
and other solids in solution. 


The albuminoids.—The casein is the chief albu- 
minoid of milk, although there is always present a 
small amount of albumin, and, according to some 
authorities, of fibrin. Casein is of prime impor- 
tance in the manufacture of cheese, and it is the 
chief constituent that goes to form tissue when milk 
is used as a food. 

There is a good deal of doubt as to the form 
in which the casein exists. Formerly it was sup- 
posed that the casein is in solution. This idea 
was brought about by the fact that it is impossible 
to filter the casein from the milk, even though it 
. 1s passed through several thicknesses of fine paper. 
Later, though, it was found that when milk is 
passed through a fine porcelain filter a certain part 
is removed, and it was then supposed that there 
were two forms of casein, one of which was in 
solution and the other in suspension in very fine 
particles of a colloidal or gummy character. Still 
later investigations have shown that in all proba- 
bility a large part of the casein is in this extremely 
fine colloidal state. When milk is subjected to 
the action of weak organic or mineral acids, to 
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rennet or to certain vegetable substances, the casein 
is precipitated in a flocculent mass. Casein is not 
acted upon by heat. The albumin of the milk is 
in all respects similar to blood albumin. It is 
rendered insoluble by a heat of about 180° F., but 
it is not acted upon by weak acids or rennet, and 
in this way it is chiefly distinguished from the 
easein. The fibrin of milk, if present, is in ex- 
tremely minute quantities. It is supposed to be 
the same as blood fibrin, and coagulates upon ex- 
posure to the air, but is never present in sufficient 
quantity to form a elot, as in the ease of blood. 
Its coagulation is hindered by a reduction of tem- 
perature, and it has been supposed that when it does 
coagulate it forms a sort of network of threads 
through the mass of milk. 


The sugar.—Milk sugar, otherwise called lactose, 
exists in solution in the milk serum. It has the 
same chemical composition as cane sugar: that is, 
CyH2O0On + HeO. It erystallizes with considerable 
difficulty, and has very much less sweetening power 
than ordinary sugar. Under the influence of. vari- 
ous ferments it readily undergoes decomposition, 
each molecule of sugar breaking up into four mol- 
ecules of lactic acid. This change begins in the 
milk almost immediately after it is drawn, and con- 
tinues until about .8 of 1 per cent of lactie acid 
is formed. The presence of lactic acid in this 
amount acts as a check upon the growth of the 
ferments, and prevents the further formation of 
lactic acid, unless. ,thg ppd odsmeutralized with an 
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alkali, when the fermentation proceeds as_ before. 
Milk sugar does not readily undergo alcoholic fer- 
mentation, but by the action of yeast and some 
other ferments the lactose is “inverted,” or changed 
to dextrose and a peculiar substance known as ga- 
lactose, and these readily change to alcohol under 
the influence of the proper ferments. 


The ash.—The ash is the smallest and_ least 
variable constituent of the milk. It is composed 
chiefly of the phosphates of lime and potash, the 
chlorides of potash and soda, with small amounts 
of phosphate of iron and magnesia. Most of the 
salts are in solution. It seems probable that at 
least a part of the phosphate of lime is, ordinarily 
in insoluble form, suspended in the milk in very 
fine particles in connection with the casein. The 
chloride of potash is largely in excess of the 
chloride of soda. This is exactly opposite to the 
proportions of these two salts in the blood. 

Other constituents.—Besides the constituents enu- 
merated above, several other compounds are more or 
less normally present in milk in minute quan- 
tities. 

A small amount of citric acid is said to be a 
normal constituent of milk. 

A peculiar substance called lactochrome is also 
a normal constituent of milk, and gives to it its 
characteristic color. This has been already men- 
tioned in connection with the palmitin. The amount 
of lactochrome present varies under many condi- 
tions, notably the breed of the animal and the 
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character of the food. Whatever other conditions 
may prevail, the milk is always of a higher color 
where the animals are fed on fresh green forage. 
This has led to the idea that the color of the 
milk is in some way connected with the condition 
of the chlorophyl or green coloring matter of the 
plant. Careno* has suggested that as the chloro- 
phyl undergoes a change when the plant is dried, 
the digestive organs of the animal will have a 
different effect upon it, and so account for the 
difference in color in the milk. 

An albuminoid called lactoprotein has also been 
described in milk. 

Urea to the extent of .001 of 1. per cent 
may also be regarded as a normal constituent of 
milk. 

Variations in quality of milk.— We have already 
seen that the amount of milk secreted may vary 
greatly under the influence of a large number of 
varying conditions. So, too, we find that there 
are a large number of conditions that affect the 
quality of the milk, meaning thereby the relative 
proportion of the various constituents, and particu- 
larly the proportion of fat to other constituents. 
Some of these changes are regular and progressive 
during the period of lactation. Others are due to 
definite causes, and still others occur from time to 
time to which we have as yet been unable to 
ascribe any definite cause. After about the third 


*Milch Zeitung, vol. xxiv. 387. 
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or fourth week of lactation the percentage of fat 
in the milk remains nearly constant until the seventh 
or eighth month, or until the quantity of milk begins 
to rapidly diminish; but while the percentage of fat 
does not markedly change, the character of the fat 
undergoes several marked and characteristic changes. 
The butter globules are largest in size early in the 
period of lactation, and constantly diminish as lac- 
tation progresses, at the same time that they in- 
crease in number, so that the total amount of fat 
is not greatly changed. Early in the period of lac- 
tation there is a larger proportion of olein. In 
some cases it may amount to 50 per cent of the 
total fat. As the lactation progresses the propor- 
tion of olein decreases and stearin’ and palmitin in- 
crease, until the proportion of olein may fall as low 
as 20 per cent. This change is more marked when 
the animal changes from fresh to dry food, as the 
period of lactation progresses. The hardening of 
the fat and the shrinking in the size of the glob- 
ules are also more marked when the animal again 
becomes pregnant. In the case of cows that are 
milked for a prolonged period, as sometimes hap- 
pens with farrow and spayed cows, the milk often 
becomes abnormally rich, not only in fat, but in 
casein; and in such cases the fat is usually made 
up of very minute globules. 

It is usually observed that milks drawn at 
night and morning differ quite widely in the per- 
centage of fat. This is not because there is any 
difference in the milk secreted by night or by day, 
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although when cows lie still there is a larger per- 
centage of water and a correspondingly less _per- 
centage of solids in the milk. The difference in 
the milk drawn at morning and evening is due to 
the unequal time that elapses between the periods. 
In general the milk is richest in fat that is drawn 
after the shortest period, and this has been shown 
to be the case where cows have been milked three 
or four and even five times per day. It is, 
however, not an invariable rule that the milk is 
richest succeeding the shortest period. Not infre- 
quently it has been found that the milk is richer 
after the longer period. In a series of observa- 
tions made by the writer upon 12 cows, ex- 
tending over 221 days, in 72 cases the percentage 
of fat was greater in the morning; in 114 cases 
it was greater in the evening, and in 35. cases 
there was a difference of .1 of 1 per cent or less 
between the morning and the evening milk. In this 
instance the period from evening to morning was 
about two hours longer. The amount of variation 
that may oceur between the morning and evening milk 
is often very considerable. In the great majority 
of cases it is not more than .5 of 1 per cent, 
but variations so great as 2 or 2.5 per cent be- 
tween the milk of one morning and that of the 
preceding or following evening have frequently 
been noticed. It is probable that a part of this 
variation may be explained by the action of the 
lymphatics of the udder in reabsorbing a part of 
the fat when the milk remains for a long time 
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There is also a considerable variation in the 
milk from day to day. This is usually not so 
great as between the morning and evening milking, 
but it not infrequently amounts to 1 per cent. 
Such daily variations may be ascribed to changes 
in the climate or other environment of the cows,— 
the effect of storms, the effect of change of food, 
the effect of slight indispositions, ete.; but there 
are numerous conditions not usually or readily 
recognized by the owner that affect the composition 
of the milk. It has been noted in many instances 
that the normal effect of a slight febrile condition 
of the animal is to largely increase the percentage 
of fat and albumin. If the febrile condition con- 
tinues, and particularly if it grows more severe, 
the fat then falls as quickly as it had risen, and 
to a correspondingly lower point. 

The variation in the percentage of fat in the 
milk first and last drawn is very great. The first 
milk drawn is much the poorer in fat. Differ- 
ences so wide as 1 and 10 per cent of fat in 
the first and last few pints have not infrequently 
been noticed. This is due in large measure to the 
fact that the larger globules of fat, being of 
nearly the same size as the smaller milk ducts, 
pass along these vessels less readily than the more 
fluid portions of the milk, and are only drawn 
out with the last milk drawn. The milk first 
drawn has been in the milk cisterns and larger 
vessels for a considerable period of time, and so 
has been subject to the reabsorptive action of the 
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lymphatics for a longer time, which also would 
tend to make it poorer in fat. 

The food also has a considerable influence upon 
the quality of the milk, although the quantity of 
the milk is more easily affected by changes in the 
amount and character of the food than is quality. 
In fact, with cows kept under favorable conditions, 
with an abundant supply of food, it is hardly 
possible to increase the proportion of fat to other 
solids by a change in the food. On the other hand, 
while the amount of the various constituents of 
the milk is not easily affected by the food, the 
quality of the constituents themselves may be 
considerably influenced, notably in the case of the 
fat. Certain foods have a marked influence upon 
the character of the milk fat. Thus linseed meal, 
gluten meal and eertain other foods make a soft, 
oily fat, while cotton seed meal, the seeds of the 
various legumes and wheat bran make a hard fat. 
Constituents other than the fat are not so readily 
affected in this way. 

Of the constituents of milk, the ash and the 
sugar are the least variable, the fat and albumin 
the most variable, while the casein usually bears a 
nearly constant ratio to the fat. The percentage 
of water also varies considerably. The causes of 
the variation of the fat have already been noticed. 
The proportion of albumin is’ very largely in- 
fluenced by the physieal condition of the cow, and 
it has been shown, notably by Van Slyke (see 
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milk,—that is, milk containing from 3 to 4.5. per 
eent of fat,—the proportion of casein rises or falls 
in almost exact ratio with the fat, but when the 
fat rises above this point the casein does not 
follow in the same proportion. 

The percentage of fat in the milk is also af- 
fected by the age of the cow. During the first 
and second periods of lactation the young cow 
usually gives milk poorer in fat than when she is 
mature. During the years of greatest vigor the 
percentage of fat is fairly uniform. In cows of 
advanced age it may sometimes again fall to a low 
point. The breed of the cow also influences very 
largely the percentage of fat in the milk. Cows 
of certain breeds normally give milk much _ richer 
in fat than others. The variation due to breed 
includes not only the amount of fat, and the color 
and melting point of the fat, but the size of the 
milk globules. In some breeds the milk globules 
are uniformly large, in others extremely small, and 
in still others both large and small globules are 
found. 

While there is a distinct difference in the qual- 
ity of the milk of the different breeds, the dif- 
ferent individuals in the breed also vary largely in 
the quality of the milk. The difference in the 
percentage of fat in milk from different cows of 
the same breed is quite as great as the average 
differences between the breeds; that is to say, the 
difference between the highest and lowest percent- 
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the same breed is as great as the difference be- 
tween the average percentage of fat in the breeds 
giving the richest and poorest milk. 

The variations due to the breed of the animal 
extend, of course, in some measure to the butter 
made from the milk. This is particularly true of 
the color and hardness of the fat. But while 
these differences are sufficient in amount to be 
characteristic, they scarcely affect the quality of 
the butter as a whole. While some partisans may 
contend that the butter made by their favorite breed 
is of superior quality, it would be well nigh impos- 
sible, in any given case, by an examination of the 
butter, to say from what breed of cows it had 
been made. Butter of the very best quality in tex- 
ture, color and flavor may be made from the milk 
of any breed of cows. 
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CHAPTER, III. 
THE TESTING OF MILK. 


MILK is so variable in composition, and so ea- 
siuly adulterated, that it frequently becomes of great 
importance to be able to ascertain with a fair de- 
gree of accuracy the composition of any given 
sample. 


HISTORY OF MILK TESTS. 


Gravimetric analysis.—The most accurate way to 
determine the composition of milk is by means of an 
exact chemical analysis. The constituents of milk 
which it is most frequently necessary to determine 
are the total solids and fat. The total solids are 
determined by drying an accurately weighed portion 
of the milk at the temperature of boiling water 
until it no longer loses weight. The residue is the 
total solids, and its weight, divided by the weight 
of the original amount taken, will give the percent- 
age of total solids. The fats may then be deter- 
mined by extracting the residue with anhydrous 
ether until nothing more is dissolved, and then 
evaporating the ether and weighing the resulting 
‘fat directly. Various forms of apparatus for mak- 
ing these determinations have been devised by vari- 
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ous chemists, a+ considerable number of which give 
very accurate results. Chief among these methods 
for determining fat and total solids are the Babcock 
asbestos method and the Adams paper-coil method. 
In order that these determinations may be made 
with accuracy, balances of extreme delicacy, and 
apparatus more or less complicated and requiring 
considerable skill in its manipulation, are necessary, 
so that for ordinary commercial purposes they are 
practically out of reach. 

History of milk  tests.—Although consumers of 
milk had felt for a long time the necessity of 
some means of protection against dishonest dealers, 
it was not until the development of the factory sys- 
tem of manufacturing cheese (1850) and _ butter 
(1870) that some means of easily determining the 
composition of milk, particularly as to fat content, 
became important to both producers and manufac- 
turers. From that time on various methods have 
been devised, from the simple expedient of raising 
the cream in a small sample of milk in a graduated 
glass to apparatuses almost as complicated and 
difficult of manipulation as the gravimetric methods 
themselves. 

Cream gauges.—The simplest and one of the 
earliest methods used to determine the quality of 
milk is to set a small portion of it under such con- 
ditions that the cream would be thoroughly thrown 
to the surface and easily measured. These were 
known as cream glasses, cream gauges, or cream- 


ometers, and to a certain ex served ay i 
, t pogrtan oxtent. served a useful pur 
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pose; but it was soon found that the percentage of 
cream depends not so much upon the amount of fat 
present in the milk as upon the size of the globules 
and the conditions under which they are brought 
to the surface, and that the percentage of cream 
does not necessarily bear a constant relation to the 
percentage of fat. 


Specific gravity.—The determination of the spe- 
cific gravity was next brought into use as a means 
of determining the quality of milk. Inasmuch as 
milk is slightly heavier than water, and as water is 
the most common adulterant of milk, any addition 
of water to it would serve to lessen its specific 
gravity, and would easily be detected by a determi- 
nation of the specific gravity. To determine the 
specific gravity of milk, various forms of specific 
gravity hydrometers, known as_ lactometers, have 
been devised. They were formerly very much more 
depended upon as a test of the quality of milk than 
at present, and though now we have learned that 
under certain conditions a simple specific gravity 
test may not only be inaccurate, but entirely mis- 
leading, still they are of considerable use for cer- 
tain purposes and in connection with certain other 
instruments. 


Lactometers.—In devising the lactometer, it was as- 
sumed that 1.029 was as low as the specific gravity of 
any unadulterated milk would ever fall; therefore a 
hydrometer was devised, the scale of which was gradu- 
ated from 0 to 120, the 0 marking the point of pure 


water, or a specific gravity of 1.000, and 100 cor- 
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responding to the assumed least specific gravity of 
milk, or 1.029. ) (-) a 
Tf, then, in any 1.000 0 
given sample of 
milk the lactom- 
eter fell to 90, 60% 
it would indicate 
the presence of 10 
per cent of water ; 1.0104 
if it fell to 75, of 

25 per cent of 

water, ete. This 1,015 
form of lactometer 

is now known as 

the common, or- 1920 
dinary or Board 
of Health lactom- 
eter. A second 
form of lactometer 
in common uses 
was devised by 
Quevenne, and 
bears his name. 
The scale of this 
hydrometer is or- 
dinarily graduated 404 
from 15 to 40, the 
29 being coinci- a 
dent with 100 up- A ¢ 


: A B Cc 
on the ordinary lac- Fig. 2. Comparison of graduation on lactometer 


. i stems: A, hydrometer ; B, ordinary lactometer; 
tometer and with C, Quevenne lactometer. 
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a specific gravity of 1.029 upon the ordinary hy- 
drometer. The accompanying sketch (see opposite 
page) shows the relative values of the degrees upon 
the ordinary hydrometer, the ordinary lactometer and 
the Quevenne lactometer. With the Quevenne lac- 
tometer the specific gravity of the milk ean be at 
once read, a degree upon this scale being equivalent 
to one degree of specific gravity. Since 100 degrees 
upon the ordinary lactometer are equal to 29 degrees 
specific gravity, the specific gravity may be obtained 
by multiplying the ordinary lactometer reading by 
.29 and adding 1,000. Twenty-nine Quevenne de- 
grees are also equivalent to 100 ordinary degrees, 
so that Quevenne readings may be changed to the 
ordinary readings by dividing by .29, and ordinary 
readings may be changed to Quevenne readings by 
multiplying by .29. 

The relative density of milk varies with its tem- 
perature, so that a hydrometer is only correct at one 
given temperature. Most hydrometers are graduated 
for a temperature of 60° F., and the better forms 
have an attached thermometer; so that if the milk 
to be tested varies from this in either direction a cor- 
rection must be made. As the density increases with 
a reduction of temperature and decreases with a rise 
of temperature, the correction must be subtracted if 
the temperature is too low, and added if the temper- 
ature is too high. The amount of such correction 
for the Quevenne lactometer is .1 of a lactometer 
degree for each degree of temperature, and for the 
ordinary lactometer one lactometer degree for each 3 
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degrees of temperature. In no event should the 
temperature of the milk to be tested be more than 10 
degrees warmer or colder than the standard, and it is 
much better if the temperature does not vary from 
the standard more than 5 degrees in either direction. 

The solids in milk are not all of the same 
specific gravity; some are heavier and some lighter 
than water. The fats are lighter, the other solids 
are all heavier. The specific gravity of the milk, 
then, depends not only upon the amount of solids 
present in the milk, but also upon their relative 
proportions. The specific gravity of milk may be 
affected by the addition of any substance to it or 
the abstraction of any of its constituents. Since 
some of the constituents of milk are lighter than 
water, their abstraction in whole or in part would be 
followed by an increase in density. It will be 
readily seen, then, that if a part of the fats are re- 
moved, the specific gravity of the skimmed or partly 
skimmed milk will be heavier than normal, and the 
addition of a certain amount of water or other sub- 
stance lighter than the milk would only serve to 
bring the specific gravity back to the normal point. 
In this way, if it is done skilfully, water may be 
added to milk, and cream abstracted from it, with- 
out affecting the specific gravity as revealed by the 
lactometer, and a very inferior sample of milk might 
pass as perfectly normal if the lactometer alone 
were depended upon for its detection. Mainly for 
this reason the lactometer has been superseded by 
other and more accurate instruments. 
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Churn tests.—The first butter factories or cream- 
eries were managed upon what is known as the 
cream-gathering system: that is, the cream was 
raised and skimmed upon the farm, and it alone 
taken to the factory. It was soon found that the 
cream varied considerably in the percentage of fat 
that it contained, and, moreover, that a consider- 
able amount of milk could be mixed with the 
cream without being detected by ordinary means. 
In other words, the managers of factories learned 
that cream as it came to them was even more 
variable in its percentage of fat than whole milk. 
In all of the earlier factories the cream was paid 
for simply by measure, and it became necessary to 
devise some means of making an equitable division 
among the different patrons, and of protecting the 
factory from loss. To do this, what was known 
as test churns were devised. At the time of 
gathering the cream, a small sample (a pint or 
quart) of each patron’s cream was taken in a sep- 
arate vessel. These were taken to the factory 
and churned separately in small tin cans, and the 
butter made up from each. The _ butter-producing 
power of the single pint or quart was taken as a 
measure of the butter value of the whole amount 
of that patron’s cream, and the proceeds were ap- 
portioned accordingly. This method was much more 
just than a simple measure of the cream, but it 
was very cumbersome. It required delicate manip- 
ulation in order to make all of the little pats of 


butter of the same water,,content, and the small 
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amounts of butter so made were of inferior com- 
mercial quality, could not be mixed with the whole 
mass of butter, and entailed a considerable loss 
upon the creamery. 

The oil-test churn was an outgrowth of this 
method, intended to remedy its defects, and was in 
a great measure successful. In operating the oil-test 
churn, the individual samples taken from each patron 
were very much smaller, and were taken in small 
glass tubes. These tubes were put in a frame and 
agitated until the fat was drawn together in a solid 
mass; the tubes were then immersed in water suf- 
ficiently warmed to melt the fat, and when so 
melted the fat would float upon the surface of the 
liquid in the tube. The tubes were allowed to 
become cool, were then a second time agitated to 
churn any particles of fat that had escaped the 
first churning, and the fat remelted; it then ap- 
peared in the form of a clear layer of liquid upon 
the top of the contents of the tube, and could be 
readily measured. The proportion of melted fat 
so obtained was taken as a measure of the butter 
value of the cream of which it was a sample. 
This test was generally used in cream-gathering 
factories, and was a very fair measure of the 
butter value of the cream. There was always a 
portion of the fat remaining unchurned, but in 
eream it was a small percentage. In milk, how- 
ever, it was a much larger proportion, and the 
oil-test churn was never successfully used for de- 


termining fat in milk. 
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Inventions for testing milk.—Several instruments 
of European invention have been described for the 
quick determination of the fat in milk. Some of 
them make volumetric determinations of the fat or 
cream ; others depend simply upon the opacity of 
the milk. One or two are in common use in 
Germany and Denmark, but, though most of them 
have been introduced in the United States, none 
have come into general use. The more importaut 
of these are the following: 


Marchand’s lactobutyrometer.—This is an instru- 
ment for quickly determining, volumetrically, the 
fat in milk. A measured sample of milk is intro- 
duced into a long glass tube graduated at the 
upper end. A certain amount of acetic acid is 
added and thoroughly mixed with the milk, after 
which ether is added to dissolve the fat, and with 
the aid of a small amount of heat the fat is col- 
lected into the upper graduated portion of the tube 
and read off volumetrically. The lactobutyrometer 
was introduced about 1877, and was used with 
more or less success for a time. In certain sam- 
ples of milk it was found to be difficult to get a 
clear separation of the fat, and in certain other 
samples, notably the milk produced from various 
foods, it was found that the results could not be 
relied upon. 

Heeren’s pioscope.—This is a simple little instru- 
ment designed to test the quality of milk by 
means of its opacity. It consists of a hard rubber 
disc, in the center of which is a small depression, 
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and the surrounding circle painted in segments of 
varying shades to represent cream, very rich milk, 
normal milk, poor milk, ete. A drop of the milk 
to be tested is placed in the central depression 
and covered with a glass plate, so that a layer of 
uniform thickness is always obtained. The opacity 
of this drop of milk upon the black background 
of rubber is then compared with a corresponding 
segment of the circle. In so far as the _ fat 
measures the opacity of the milk, this is a fairly 
reliable test; and, used in connection with a specific 
gravity lactometer, a person with some experience 
ean readily detect suspected samples of milk, although, 
of course, it is not possible to estimate very closely 
the amount of adulteration or the quality of the 
milk. The pioscope has been used very generally 
and successfully by milk inspectors and those hay- 
ing the control of city milk supply. 

Feser's lactoscope is another instrument designed 
to determine the quality of milk by opacity. It 
consists of a glass cylinder, in the center of which 
is fixed a white rod graduated with black lines. 
A certain amount of milk is put into the cylinder, 
and by its opacity renders the black lines upon 
the central standard invisible. Water is then added 
to the milk in measured quantity until the black 
lines can be seen, the amount of water so added 
indicating the quality of the milk. This instru- 
ment is more delicate than the pioscope, but it ean 
not be so quickly and readily used. The results 


it gives are of very much the same nature and 
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value as those obtained by the use of the pioscope, 
consequently it has never been used to any great 
extent. 


Soxhlet’s method.—In testing milk by this method, 
the fat in a measured quantity of milk is dissolved 
in ether, the specific gravity of the ether solution 
determined, and from this the percentage of fat is 
calculated. The greater the specific gravity of the 
ether solution the greater the percentage of fat, 
and since the difference in the specific gravity of 
fat and ether is considerable, the addition of a 
small amount of fat will perceptibly affect the specific 
gravity, so that the determination is a very delicate 
one. The determination is made in a specially de- 
vised apparatus known as Soxhlet’s Aérometer. It 
has been widely adopted in Germany, but not at all 
in the United States outside of chemical labora- 
tories. 


DeLaval lactocrite.—This is a machine devised by 
the inventor of the centrifugal separator to esti- 
mate the fat in milk volumetrically. The sample 
to be tested is put in a glass tube with an equal 
amount of concentrated acetic acid containing 5 per 
cent of concentrated sulphuric acid, and the mixture 
heated for a few minutes, after which it is whirled 
in a centrifugal machine until the fat is brought to 
the center. It is then read off volumetrically. The 
lactocrite gives a very close determination of the 
fat in milk, but it is necessary to have a separator 
frame in which to whirl the apparatus, which makes 
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Fjord’s control apparatus.—This apparatus, in- 
vented by the late Professor Fjord, of Denmark, 
estimates the fat by measuring the solidified cream. 
Glass tubes similar to those used in the oil-test 
churn are secured in a frame and a measured quan- 
tity of milk put in each. The frame holding the 
bottles is then whirled in a centrifugal separator 
frame till the cream is completely separated and 
brought together in a compact mass. This re- 
quires about forty-five minutes. The solid mass 
of cream is then measured with a scale and the 
fat estimated from it by means of a table con- 
structed by the inventor. This apparatus is in 
very common use in Denmark, but has never been 
introduced into this country. 

Development of milk tests in the United States.—Up 
to the year 1888, there had been no apparatus devised 
which would determine the fat in milk accurately, 
easily, cheaply and quickly. None of the methods 
described could in any sense supply the place of the 
gravimetric analysis, even for commercial purposes. 
The oil-test churn came the nearest to it, but that 
was of no use for milk, and at this time the separa- 
tor creamery was beginning to supplant the gathered- 
eream factory, and the demand was constantly 
stronger for a means of determining the fat in milk. 
This year also marked the establishment of the na- 
tional grant to Agricultural Experiment Stations in 
each of the states, and one of the first problems at- 
tacked by the chemists of these stations was to de- 


vise a quick method for the determination of fat in 
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milk. In the next two years no less than seven dis- 
tinct methods were devised by chemists of Agricul- 
tural Experiment Stations for this purpose. All of 
them were much better than any that had hitherto 
been known, but one was so much in advance of 
any of the others that now it is practically the only 
method used for the quick determination of fat in 
milk. This is the method devised by Dr. 8. M. Bab- 
cock, known as the Babcock test, and first published 
in July, 1890. The various tests, in the order of 
their publication, were as follows : 

Short’s imethod.—This method was invented by 
F. G. Short, at that time chemist of the Wisconsin 
Agricultural Experiment Station, and was first pub- 
lished in Bulletin No. 16 of the Wisconsin Agricul- 
tural Experiment Station for July, 1888. In brief, 
the method consisted in converting the fat in the 
milk into a soap by means of an alkali, and then dis- 
solving the soap by an acid, setting free the fat. 
The process was rendered complete by boiling for 
several hours. The determination was made with a 
measured quantity of milk in a glass test bottle with 
a narrow graduated neck, into which the fat was 
raised at the end of the process and read off volu- 
metrically. Considerably difficulty was often ex- 
perienced in getting a clear separation of the fat 
from the contents of the tube. The long period of 
boiling was also an important drawback to the 
method. 

The method of Failyer and Willard.—This method 


was devised by Professors Failyer and Willard, of 
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the Kansas Agricultural Experiment Station, and 
was published in the report of that station for 1888. 
In it the solids of milk were destroyed by hydro- 
chlorie acid and the fat partially separated by means 
of heat. The fat was then dissolved in gasoline, and, 
after evaporation of the gasoline, was measured in 
a graduated portion of the tube in which the opera- 
tion was performed. It gave a clearer reading of 
the fat than Short’s method, but required more deli- 
cate manipulation, particularly in heating the acid 
and milk together and in evaporating the gasoline. 
The time required was considerably less than with 
Short’s method. 


Parsons’ method.—This method was devised by 
Professor C. L. Parsons, of the New Hampshire Ag- 
ricultural Experiment Station, and published in the 
report of that station for 1888. This method made 
use of caustic soap and a solution of soap and alcohol 
to destroy the milk solids, after which the fat was 
dissolved in gasoline. A measured quantity of the 
gasoline solution of fat was then taken, the gaso- 
line evaporated from it and the fat carefully dried. 
The free fat was then measured in a seale, and by 
means of a calculation, the percentage of fat deter- 
mined. This method gave very good results in the 
hands of several different operators. It, perhaps, 
required a little more delicate manipulation than 
some of the others, and it was considerably more 
complicated than Short’s method. 


The Iowa Station test.—This test was invented by 
Professor George E path the chemist of the Iowa 
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Agricultural Experiment Station, and published in 
Bulletin No. 8, February, 1890, of the Iowa Experi- 
ment Station. In this test the solids of the milk 
were destroyed by a mixture of acetic, sulphuric and 
hydrochloric acids, and the fat brought to the sur- 
face by boiling. The test was made in a flask with 
a narrow graduated neck. A measured quantity of 
milk was put in the flask, a sufficient amount of 
the acids added, and the whole boiled for ten or fif- 
teen minutes. The Iowa Station test was a great 
improvement upon any that preceded it in point of 
simplicity, accuracy and length of time required. 

Cochran’s method.—This method was invented by 
C. B. Cochran, of the Pennsylvania State Board of 
Health, and published in the Journal of Analytical 
Chemistry, Vol. III., page 381. In this method 
the solids of the milk other than the fat were de- 
stroyed by the use of a mixture of acetic and sul- 
phuric acids, aided by boiling. When the milk 
solids were thus completely disintegrated, the fat was 
brought to the surface by the aid of ether, and then 
the whole mass further boiled until the ether was all 
evaporated. The clear melted fat was then meas- 
ured by transferring it to a vessel with a gradu- 
ated neck. The Cochran method was simple in 
details, but required rather delicate manipulation in 
transferring the melted fat from one vessel to an- 
other. It, however, gave very good results in a 
comparatively short time. 


The Babcock test.—This test was invented by 


Dr. S. M. Babcock, chemist of the Wisconsin Agri- 
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cultural Experiment Station, and published in Bul- 
letin No. 24, July, 1890. In point of simplicity, 
accuracy, ease of manipulation and time required, 
this test is so much better than any that have pre- 
ceeded or followed it that it is now practically the 
only one in use. To destroy the solids other than 
the fat, Dr. Babcock makes use of a single rea- 
gent, commercial sulphuric acid, of a specific gravity 
of 1.82, and to separate the fat from the remain- 
ing contents of the test bottle centrifugal force is 
used, hot water being added to bring the contents 
of the flask up to the graduated part. The test is 
made in a small flask with a narrow graduated neck. 


The Beimling test.—This method of testing milk 
was devised by Messrs. Leffman and Beam, and is 
sometimes known under their name, though the ap- 
paratus was patented by H. F. Beimling, and intro- 
duced under his name. The Beimling test was in- 
troduced in the year 1890, and was essentially lke 
the Babeock test, the exception being that instead 
of a single reagent two were used, one ordinary 
commercial sulphurie acid, as in the Babeock test, 
and the other a mixture of amyl alcohol and com- 
mercial hydrochloric acid. Largely because of the 
greater inconvenience of using two reagents, the 
Beimling test has fallen into disuse. 

Tests introduced since the Babcock test.—Two or 
three tests differing but slightly from the Babcock 
have been introduced since. One of these is known 
as Gerber’s method, the invention of a German 


chemist. The form of the testing bottles differs 
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somewhat from that used by Dr. Babcock; less 
whirling is required, and the same reagents are 
used as in the case of the Beimling. The DeLaval 


Fig. 3. Hand centrifugal for Babcock test. 


Separator Company has also introduced an appara- 
tus for testing milk which is known as the butyrom- 
eter. In this test a single reagent, sulphuric acid, 


is used to set free the fat. The form of the ap- 
Digitized by Microsoft® 


50 Milk and Its Products. 


paratus is different from the Babcock test, a much 
higher speed of whirling is used, a smaller sample 
of milk is taken, and the fat is read in a solid 
instead of a liquid form. 


DETAILS OF THE BABOOOK TEST. 


The apparatus used in testing milk by the Bab- 
cock method consists of a centrifugal machine, three 
pieces of glassware and commercial sulphuric acid. 


The centrifugal machine.—Many forms of centri- 
fugal machines are in use, almost every manufacturer 
having his own particular style. It is essential that 
the centrifugal should be substantially made; that it 
should run smoothly and steadily, either loaded or 
empty, and that it should be capable of developing a 
speed of 900 revolutions per minute, with a wheel 
20 inches in diameter. The centrifugals so made 
may be driven either by hand or steam power. In 
the hand-power machines, the motion is transmitted 
both by belts and by friction cogs; in the latter 
case it is essential that care be taken to prevent 
loss of motion through the friction cogs becoming 
worn. 

In the centrifugals driven by steam turbines, or 
jets of steam delivered against the circumference of 
the revolving wheel, it is much better that the 
steam be applied at some little distance from the 
revolving bottles, otherwise too great a degree of 
heat may be developed in the machine. Those 
centrifugals are most satisfactory in which provision 
is made for the bottles to assume a perfectly hori- 
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zontal position when in motion and a perfectly per- 
pendicular one when at rest. 


The glassware.—The glassware consists of a flask 


Fig. 4. Steam turbine centrifugal for Babcock test. (See opposite page.) 


or test bottle in which the determination is made, 
a graduated pipette for measuring the milk, and a 


short graduated glass, gyludeye for measuring the 
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acid. The most essential feature of the glassware 
is that it should be accurately graduated. This in 
general can be secured by always procuring the 
glassware from a reliable manufacturer or dealer, 


re b ¢ d e g £ h 


Fig. 5. Forms of Babcock test bottles ; a@, ordinary bottle for whole 
milk; b, bottle for skim milk, using double charge of milk; 
c, Ohlsson, or ‘‘B. & W.” double-necked bottle for skim milk ; 
d,e, bottles for testing cream; f, bottle with detachable neck ; 
g, h, detachable necks for butter and cream. 


though suspected glassware may be tested with com- 
paratively little diffienlty. The neck of the ordinary 
test bottle is graduated from 0 to 10, each divi- 
sion being subdivided into five parts. The gradua- 


tion from 0 to 10 will contain a volume of melted 
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milk fat equivalent to 10 per cent of the weight of 
the milk taken. Each subdivision of the  seale, 
therefore, represents .2 of 1 per cent. The capa- 
eity of the graduated portion of the neck is two 
eubie centimeters. The spevifie gravity of melted 
milk fat at a temperature of 120° F. is assumed to 
be .9. The two eubie centimeters will, therefore, 
weigh 1.8 grams, and in order that the percentage 
of fat read off shall be percentage by weight and 
not by measure, 18 grams of milk must be taken. 
But milk has an averave specific gravity of 1.032, 
therefore 18 grams of milk will be contained in 


17.44 cubic centimeters. Two eubic centimeters of 
melted milk fat is, therefore, 10 per cent by weight 
of 17.44 cubie centimeters of average milk. — It 


has been found by trial that a pipette of the or- 
dinary form graduated at 17.6 cubic centimeters 
will deliver slightly less than 17.5 cubie centimeters 
of milk. The graduation of the ordinary pipette 
should, therefore, be 17.6 ecubie centimeters. A 
little less acid than milk is ordinarily required, and 
the acid measure is graduated at 17.5 cubic centi- 
meters, though the amount of acid actually used 
may readily vary two or three cubic centimeters 
either way from this point. 

The fat in the various products of milk may 
be as readily determined by means of this test as 
fat in the milk itself, and for these determinations 
various forms of special apparatus bave been de- 
vised. (Fig 5.) For testing cream, bottles with a 
capacity greater than 10 per cent are in use, Of 
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these there are two forms. In one there is a bulb 
in the middle of the neck, and graduations above 
and below. Ordinarily the lower graduations have a 
capacity of 5 per cent, the bulb a capacity of 10 
per cent, and the upper graduations a capacity of 
10 per cent. The use of this form of bottle re- 
quires that when the fat is read off the bulb should 
always be completely full, and the upper and lower 
surfaces of the fat rest on the upper and lower 
graduations respectively. Another form of cream 
test bottle has a neck much wider than that used 
for ordinary milk testing. Bottles of this form have 
a capacity up to 35 per cent, or even more. The 
graduations are usually not closer than .5 of 1 per 
eent. This form does away with the awkwardness 
of the bulb in the center, but it is not possible 
to read the column of fat to so small a_ fraction, 
usually to not less than .5 of 1 per cent. For 
testing cream, particularly cream that is rich in fat, 
a special pipette is necessary. The specifie gravity 
of cream containing 25 per cent of fat or over is 
nearly that of water, and in testing cream of this 
quality a pipette of 18 instead of 17.6 cubic cen- 
timeters capacity is used. For testing skim-milk, 
where it is desirable to read the small fractions of 
1 per cent, two forms of bottles have been devised. 
In one, two pipettes full of milk are used, and the 
graduations have one-half the ordinary value; in the 
other form, the bottle has two necks, one of ordi- 
nary width for the introduction of the milk and acid, 


and the other an extremely narrow one, in which 
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the fat is measured. With this last it is possible 
to read easily to .05 of 1 per cent. 

The fat in the solid milk products, as butter and 
cheese, may also be conveniently determined by the 
Babcock test. Since butter or cheese cannot be 
measured, it is necessary that the sample to be 
tested be weighed. Balances sensitive to .1 of a 
gram are sufficiently delicate. Either 18 grams of 
the substance may be weighed, in which case the 
percentage of fat is read directly from the bottle; 
or, what is more convenient, any amount from 4 to 
8 grams may be taken. In the latter case, the 
observed reading of fat bears the same proportion 
to the percentage of fat in the substance taken that 
the weight of the sample taken bears to 18; and the 
percentage is found by multiplying the observed read- 
ing by 18 and dividing the result by the weight of 
the sample taken. 

In testing butter and cheese, it is convenient to 
use the bottles with detachable necks. A _ little 
water should be added to the bottle before the 
acid is put in, to aid in the solution of cheese. 

Calibration of glassware.—The correctness of the 
graduation of the glassware may be tested with more 
or less accuracy according to the means at hand. 
The bottles are all graduated on the assumption 
that the tubes are of uniform caliber. The 0 and 
10 points are determined experimentally, and the in- 
tervening space equally divided into 50 divisions 
with a dividing engine. The spaces should, there- 


fore, be of uniform size, and if the eye can detect 
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any variation in the size of the spaces such bottles 
should be discarded. Bottles imaceurate in this 
respect are seldom met with now. When the test 
was first introduced they were of frequent occur- 
rence. Bottles may be readily tested with a pipette 
of 2 ¢. @.* capacity. Fill the bottle carefully with 
water to the 0 point, wipe out the neck carefully, 
and drop in exactly 2 ¢.c¢. of water. It should 
just fill the neck to the top of the graduation. 
If delicate balances ave at hand, the bottle may be 
weighed full of distilled or clean rain water to the 
O point, and then again filled to the 10 point. 
The difference in weight should be exactly 2 grams. 
The calibration will be still more accurate if mer- 
cury instead of water is used; 2 ¢. ¢. of mercury 
may be measured out, or, what is still better, 
weighed. The specific gravity of mereury is 13.59; 
two e.c¢. will, therefore, weigh 27.18 grams. This 
weighed or measured quantity of mercury is intro- 
duced into a dry bottle, a close-fitting plug is then 
inserted into the neck of the bottle exactly to the 
top of the graduation, the bottle is then inverted ; 
the mereury should exactly fill the graduated space. 
The same portion of mercury can then be used to 
test another bottle, and with care to have the 
bottles dry, and to see that all of the mercury is 
transferred each time, a large number of bottles can 
be easily and quickly ealibrated. 

The pipettes are best tested by weighing a 
pipette full of either water or mercury; the former 
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should weigh 17.6 grams, the latter 239 grams. 
Any bottle or pipette that varies more than 2. per 
cent from the standard should be discarded. 
Sampling the milk.—The aecuracy of the test 
depends wholly upon getting an accurate sample of 
the milk to be analyzed. A part of the fat so 
readily separates from the milk in the form of 
cream that milk cannot stand even for a_ short 
time without the upper layer becoming richer and 
the lower layers poorer in fat. Even in milk 
freshly drawn from the cow, that in the upper part 
of the pail will be considerably richer than that 
below. The first step, then, in sampling milk is 
that it should be evenly and thoroughly mixed. 
This is best brought about by pouring from one 
vessel to another: but if the milk has stood over 
night and a layer of tough cream formed, the par- 
ticles of cream will not be thoroughly mixed by a 
single pouring from one vessel to another. In 
all such cases, the sampling must not be done 
until all visible portions of cream have disappeared 
in the mass of the milk. Various forms of sam- 
pling tubes or “milk thieves” have been devised for 
taking samples of milk. They serve the purpose 
fairly well, but are not to be depended upon in 
comparison with a thorough agitation of the milk. 
Where the previous night’s milk is carried to the 
factory, the agitation enroute and the stirring inci- 
dent to pouring from the carrying can into the 
weigh can are ordinarily sufficient to cause a pretty 


complete mixture of the milk: but in cold weather 
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it will frequently be noticed that the cream is not 
thoroughly broken up. Under such conditions, extra 
precautions must be taken to secure perfect sam- 
pling. 

Composite sanpling.—In testing milk at factories, 
it is more convenient to take a sample every day, 
and make one test of the mixed samples at the end 
of a week, ten days or two weeks. In order to do 
this, it is necessary to provide a suitable receptacle 
for the milk of each patron.  ( Pint lightning-top 
fruit jars or milk bottles, or glass-stoppered sample 
bottles, are most convenient.) To these bottles is 
added each day a small portion of each patron’s 
milk, together with some preservative for preventing 
the milk from souring. Zhe preservatives in com- 
mon use are bichromate of potash, corrosive subli- 
mate, and milk preservaline. Caustic potash and 
soda may also be used. Neumann* claims to have 
had as good results with sodium nitrate as with 
bichromate of potash. Most of these substances are 
poisons, and render the milk unfit for use; the jar 
should, therefore, be plainly labeled. For many 
reasons the bichromate of potash is to be preferred. 
It gives a distinct color to the milk, and only a 
small quantity of it is uecessary to prevent the milk 
from souring. Whatever preservative is employed 
should only be used in quantity sufficient to keep 
the milk from thickening. Of the bichromate of 
potash, an amount sufficient to color the milk a bright 
lemon yellow is all that is necessary. In taking 


*Milch Zeitung, vol. xxii. p. 526. 
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composite samples, an amount proportionate to the 
amount of milk delivered should be taken each day. 
This is conveniently done by the use of the Seovell 
Aliquot Milk Sampler, which, besides serving this 
purpose, gives the advantages of a milk thief in that 
it takes milk from all parts of the vessel. Where 
the milk varies only a few pounds from day to 
day, good results may be obtained by taking a uni- 
form amount of milk for the sample each day, but 
where the variation in quantity is considerable, 
aliquot samplers are much to be preferred. 

Making the test.—In preparing to make the test, 
the same care must be used that the sample shall 
be thoroughly mixed and _ perfectly uniform, that 
was taken in mixing the milk when the sample 
was drawn. In measuring the milk, the pipette 
should either be perfectly dry, or rinsed out with 
the milk to be tested immediately before measur- 
ing the assay. Where a large number of samples 
are to be tested, the latter is found to be the better 
practice. The greatest care should be taken that the 
milk is accurately measured. The lower end of 
the pipette should be placed about midway of the 
sample of milk and the pipette filled by gentle 
suction at the upper end. The milk should be 
drawn into the tube above the mark on the neck, 
and the end of the forefinger quickly placed over 
the end of the pipette, the pipette being steadied 
by the thumb and second and third fingers;  hold- 
ing it now on a level with the eve between the eye 
and the light, the pressure on the forefinger 
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should be gradually relaxed and the milk allowed 
to flow out of the lower end drop by drop until 
the upper edge of the milk rests exactly upon the 
graduated mark on the side of the pipette. The 
milk is then transferred to the test bottle, and this 
should always be done hy placing the end of the 
pipette against the side of the neck of the bottle, 
relaxing the pressure of the forefinger gently at 
first, allowing the milk to flow down the side of 
the neck. If this is not done there is danger that 
the neck will become clogged, and a part of the 
milk be blown out by the escaping air. When 
all of the milk has flowed from the pipette, the last 
few drops should be gently blown into the neck of 
the test bottle. The utmost care must be taken 
that all of the milk is transferred from the pipette 
to the test bottle, and none allowed to eseape. 

The acid.—The next step is the addition of the 
acid. The acid should he put into the test bottle in 
such a way that it will rinse down any milk that 
has adhered to the sides of the neck, and pass be- 
tween the milk and the glass in reaching the bot- 
tom of the bottle. As soon as the acid is added, 
the milk and acid should |e shaken together with a 
gentle rotary motion until all of the curd is com- 
pletely dissolved, care being taken that no particles 
of curd are thrown into the neck of the bottle. 
The amount of acid used should be about the same 
in volume as the milk, depending somewhat upon 
its strength. Ordinary commercial sulphuric acid 


with a specific gravity of 1.82 will require about 
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17.5 cubie centimeters to completely dissolve 17.6 
cubie centimeters of milk. If the acid is too weak 
the eurd will not be completely dissolved, and will 
appear as a curdy, floceulent precipitate mixed with 
the lower part of the column of fat. If the acid 
is too strong, some of the solids of the milk will 
be charred, and will appear as dark-colored, floc- 
eulent particles, either mixed with the fat or im- 
mediately under them, when the test is completed. 
Slight differences in the strength of the acid may be 
overcome by adding a little more or a little less, ae- 
cording as it is too weak or too strong, but  satis- 
factory results cannot be depended upon unless the 
acid is of the might strength; viz., 1.82 sp. gr. 
Convenient hydrometers may be secured for a_ tri- 
fling amount, so that any one may be certain of the 
strength of lus acid. The sulphuric acid should 
be kept tightly corked in a _ glass-stoppered bottle, 
because when exposed to the air, it takes up water 
rapidly, and soon becomes too weak. While it is 
not necessary that the sulphuric acid should be chemi- 
eally pure, some of the cheaper grades of commer- 
cial acid often contain impurities that seriously 
affect the results, causing black specks to appear in 
the neck of the bottle. A reasonably pure commer- 
cial acid should always be used, and can be secured 
at a trifling cost above the impurer forms. 

Whirling. —When the acid has been added and 
thoroughly mixed with all of the samples, they are 
put into the centrifugal machine and whirled steadily 
for five minutes, At the end of this time the ma- 
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chine is stopped, and the bottles are filled with 
warm water to the bottom of the neck. They are 
then whirled a second time for two minutes, when 
water is again added up to about the 8 per cent 
mark on the neck of the bottle, after 


aaa which they are given a whirl for one min- 
ah ee ute. The bottles are then taken out and 
fw} --cread as rapidly as possible. 


~ 


Readiny.—The reading should he taken 
at a temperature between 120° and 150° 
F., at which temperatures the fat will be 
completely fluid. The test should be made 
in a room at a temperature not less than 
70 F., or if the room is much colder 
some means should be taken to prevent 
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bottles, the reading should be made as 
shown in the diagram, the lower reading 
Fig. 6. Dia- from the extreme lower curved surface 
gram of neck i Z 

of | Baheoek (uw, Fig. 6), and the upper reading from 
test bottle ; 


the reading the extreme top of the column of fat, 
should be 


made | be- (vb, not «, Fig. 6), the difference between 
points a-b, the lower and upper reading giving the 

percentage of fat. The reason for read- 
ing in this way is that a small amount of residual 
fat is left mixed with the other fluids in the bottle. 
This is composed of the smaller globules of fat, and 


the amount is practically uniform, and has been 
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= read, Much skill and facility can he 

= attained by practice in reading the bottles 
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= rapidly and accurately. In reading the 
Law 
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found to represent about the amount oceupied by 
the eurved surfaces in the neck of the bottle, 
due to the capillary attraction between the fat and 
the glass. 

Cleaning the glissware,—Good results eannot be 
secured unless the glassware is kept clean and 
bright. This can easily be done with very little 
trouble. As soon as the bottles are read, and while 
they are still hot, the contents should be emptied 
out. The hot acid and water will carry out with 
it the larger part of the fat in the neck of the 
bottle. The emptied bottle should then be sinsed 
once in warm water and once in hot water containing 
some alkali, either washing soda or any of the va- 
rious washing powders, and then rinsed with either 
warm or cold water until they are perfectly clean. 
With these precautions no difficulty will be expe- 
rienced in keeping the bottles clean and bright. 

By the use of the lactometer in connection with 
the percentage of fat, a close approximation to the 
percentage of total solids, or solids not fat, may be 
made. Numerous formule for this purpose have 
been devised. Their application is explained and il- 
lustrated in Part A of the Appendix. 
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THE FERMENTS AND FERMENTATIONS OF MILK, 
AND THEIR CONTROL. 


Mink, when it is first drawn, is a limpid fluid 
with a sight odor, mildly sweetish taste, and faint 
alkaline reaction. In facet, milk often shows the 
amphoteric reaction; that is, it will give the acid 
reaction with blue litmus paper and the alkaline 
reaction with red. Almost immediately after it is 
drawn, milk hegins to undergo a change, and within 
a short time will show a distinet acid reaction. 
The degree of acidity increases with the age of the 
milk. Soon changes begin in the other milk con- 
stituents, and in a comparatively short time, the de- 
composition is so great that the milk can no longer 
be used for food. The sugar is the first constit- 
vent of the milk to undergo change, afterwards 
the albuminoids are attacked, and lastly the fats. 
These changes are not due to any instability of the 
organic c¢ompounds in the milk, but to the effect 
of various vegetable germs that gain access to the 
milk after it is seereted, and, living and growing 
in the milk, bring about the changes mentioned. 
These changes are called fermentations, and the 
agents that bring them about ferments. Milk con- 
taining no germs of fermentation, or milk from 
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which they have all been removed, is said to be 
sterile. The germs found in milk belong to the 
lowest orders of the vegetable kingdom. Most of 
them are ineluded in the bacteria, although many 
yeasts and moulds are frequently found in milk. 

The bacteria.—The bacteria are extremely minute 
bodies consisting of a single cell filled with protoplasm. 
They are of three general forms,—spherical (coceus) ; 
rod-like or cylindrical (bacillus), and curved or wavy 
(spirillum). They reproduce by fission; that is, the 
cell elongates slightly in the direction of its longer 
axis, and a partition is formed across the cell trans- 
versely, and two individuals exist where there was 
but one before. These may )reak away and form 
separate bacteria, but often they are kept together 
in various ways. Many forms are endowed with 
motion, and all require a liquid or semi-liquid me- 
dium for growth and development, though many 
may exist for long periods of time in a dry condi- 
tion. Like other plants, in order to grow and de- 
velop, the bacteria must have suitable food. They 
require for their sustenance carbon, hydrogen, oxy- 
gen and nitrogen, together with small amounts 
of mineral matters. Organic compounds are more 
available for food supply than simple inorganic 
salts. Substances like sugar and the various al- 
buminous compounds are admirably suited for their 
food. In ordinary milk nearly all kinds of bacteria 
find an adequate and easily available food supply 
in a medium favorable to their growth, so that not 
only the forms of bacteria ordinarily found in milk, 
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but almost any others, will readily live and grow 
should they gain access to milk. Nearly all forms 
of bacteria are sensitive to conditions of tempera- 
ture, The range of temperature in which they 
thrive the best and grow most rapidly is rather 
narrow, though there is a considerable range above 
or below, in which they will still grow and develop. 
The temperature at which any given germ will grow 
most rapidly is called the optimum temperature, and 
the optimum temperature varies widely with the 
various classes of organisms, though by far the 
larger number of bacteria find their optimum point 
between 75° to 100° F., and a higher temperature 
not only stops their growth, but if sufficiently high 
kills them outright. A temperature of 135° F. kills a 
large number of germs. Very few are able to live 
above a temperature of 180°, and none ean with- 
stand the temperature of boiling water, 212°, for 
more than a few minutes. If heat is aecompanied 
by moisture it is much more effective, so that heat 
applied in the form of live steam is the hest means 
of destroying the life of these germs. Under the 
influence of cold the germs become inactive, and 
some kinds are killed by a sufficient degree of cold, 
but very many kinds are able to withstand any 
degree of cold possible to be produced for long pe- 
riods of time. 

Under certain conditions bacteria are able to as- 
sume an inactive condition, or spore form. In do- 
ing this, the protoplasm shrinks into a hard, glisten- 
ing mass, and contracts toward one end of the cell, 
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or the wall cell thickens and = eneloses the  proto- 
plasm. In the spore condition the )acteria are in- 
active, but are able to endure much ereater extremes 
of heat, cold or moisture than when active. When 
the conditions of growth become again favorable, the 
spore again becomes active, or is said to germinate, 
and the vital processes are rested. 

Bacteria are widely distributed through nature. 
In fact, there are very few places where they may 
not be found. They are so light and small that 
they float readily in the atmosphere, particularly when 
accompanied by particles of dust. They are found 
in all rivers and streams, upon the surface of the 
earth, aud upon all organic matter. In fact, they 
are universally distributed. By fav the larger num- 
ber are not only perfectly Jiarmless but positively 
beneficial. They serve to transform dead organic 
matter into its original condition, and so act as 
scavengers. Others, like the milk ferments, bring 
about specific changes in some definite substances, 
while still others, a large class, are the specific 
causes of various diseases in men and animals. 

Presence of bacteria in milk.—In ordinary milk, 
bacteria are always present in large numbers. These 
gain access to the milk from the atmosphere, from 
the bodies of the animal and the milker, through 
contact with the vessels into which the milk is 
drawn, aud to some extent through the udder of the 
animal. The milk when secreted is sterile. So 
far as is known, no bacteria can pass through the 
digestive organs and blood vessels of the animal 

RF Digitized by Microsoft® 


68 Milk and Its Products. 


and appear in the milk. If the udder is the seat 
of disease due to the growth of bacteria, such bac- 
teria may find their way into the milk ducts and 
infect the milk. In one other way the animal may 
be said to be a source of infection with bacteria. 
The end of the teat of the animal is always more 
or less moist. Bacteria coming in contact with 
such surface, moistened with milk, find there not 
only food in proper form for their growth, but a 
temperature sufficient to make them active. They 
begin to multiply, and, working their way through 
the orifice of the teat, find milk in larger supply, and 
a temperature still more favorable for their growth. 
They increase and multiply, under such conditions, 
with remarkable rapidity, and so work their way 
upward through the milk cistern and into the larger 
milk ducts, so that the milk first drawn from the 
animal always contains a greater or less number of 
bacteria. For this reason it is not an easy matter 
to secure perfectly sterile milk direct from the cow, 
though with great care in disinfecting the udder 
and removing the larger part of the milk from it, 
perfectly sterile milk has been obtained. 

Kinds of bacteria in miltk.—Almost any of the 
known forms of bacteria may live and grow and_ oc- 
casionally be found in milk. Normally, however, eom- 
paratively few forms of bacteria are present. The 
greater part of these are forms which cause various 
changes in the constituents of milk, and are known 
as ferments, and the changes which they induce as 
fermentations. Beside these fermentations, there may 
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be found in the milk the bacteria of any germ dis- 
ease with which the animal may be afflicted, or which 
may be carried into the milk through the atmosphere, 
the water used in cleansing utensils, or the persons 
of individuals suffering from the disease. 

The fermentations of milk.—The normal fermenta- 
tions to which milk is subject may he conveniently 
divided into three classes. First, those which feed 
upon and cause changes in the milk-sugar, known as 
lactic fermentations. Second, those that feed upon 
and cause changes in the albuminoids of the milk ; 
these in turn are of two classes, peptogenie and pu- 
trefactive. Third, those which attack the fats, and 
are known as butyric fermentations. Besides these, 
which may be called normal fermentations, in that 
they will easily occur in any sample of milk if left to 
itself, there are a large number of other fermentations 
which may be called abnormal, from the fact that 
they oceur only in isolated localities, or from time 
to time. These abnormal fermentations include one 
which causes the casein of milk to coagulate without 
the development of lactic acid, known as sweet curd- 
ling; another which causes a peculiarly ropy or slimy 
condition of certain constituents of milk; still an- 
other that results in the formation of an intensely 
bitter product in the milk; an aleoholie fermenta- 
tion, and several fermentations which result in the 
production of various colors, collectively known as 
chromogenic fermentations. An illustration of this 
class is seen in the well-known ‘‘bloody bread,’”’ 


which is caused by the growth of Bacillus prodigiosus,. 
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This germ is occasionally found in milk, and imparts 
to it a red color which is easily confounded with 
the red color due to the presence of blood from a 
wounded udder. A single germ rarely occasions 
more than a single fermentation. Often two or more 
are combined in the fermentation, and in many cases 
there are a large number of different germs that 
bring about the same fermentation. This is notably 
true of the lactic and putirefactive fermentations. 
The effect of the various fermentations is such as to 
destroy the value of the milk as such, if they are al- 
lowed to proceed to any great length; but the mannu- 
facture of butter is greatly aided by many of these 
fermentations, and the presence of certain germs is 
absolutely indispensable to the manufacture of cheese. 

Relation of milk bacteria to the human system.—By 
far the greater number of germs ordinarily found in 
milk are absolutely harmless, and may be taken into 
the human system in large numbers with perfect 
impunity, the germs of specific disease excepted, and 
with these latter it is the produets formed from their 
growth rather than the germs themselves from which 
danger comes. There are probably no germs normally 
found in milk that may be classed as harmful. This 
is also true of a considerable number of fermen- 
tation products resulting from the growth of the 
germs in the milk. Many of these products give 
to the milk or its product an unpleasant taste or 
physical appearance, but are otherwise perfectly 
harmless. There are, however, certain germs which 
produce a fermentation which results in the forma- 
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tion of poisonous products. These products are the 
causes of the serious or even fatal results that fol- 
low the consumption of milk, cheese, ice-cream, or 
other products containing them. They are collect- 
ively known as ptomaines. To one in particular, 
that has frequently been found in clicese, the name 
tyrotoxicon (eheese-poison) has been given. They 
have been studied by Vaughn* and others, but 
their origin is still obscure. The germs producing 
these poisonous products are of comparatively in- 
frequent occurrence. 

In general, the various classes of fermentations do 
not readily take place at the same time. The active 
growth and development of one germ acts more or 
less as a retarding foree upon the growth and de- 
velopment of other germs. 

Lactic fermentations. —Under this group we include 
all of those germs which, ving and growing in 
milk, feed upon the sugar, causing it to change to 
lactic acid. It was formerly supposed that the forma- 
tion of lactic acid in the milk was entirely due to the 
action of a single germ, described by Hueppe, and 
ealled Bacillus acidi-lactici, or the lactic acid germ. 
It is now known that there are at least twenty different 
germs that may produce lactic acid, and in all prob- 
ability there are many more. The lactic acid germs 
are the most common and most numerous germs 
found in milk, and ordinarily the lactic fermentations 
are the first to take place. They begin their opera- 


*Vaughn-Noyy. Ptomaines and Leucomaines, Philadelphia, 1896. 
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tions almost immediately after the milk is drawn, and 
continue until the maximum amount of lactic acid has 
been produced. In the lactic acid fermentations one 
molecule of milk-sugar (C1H»2O1n + H2O) breaks up 
into four molecules of lactic acid (C3H¢603) without 
the formation of any secondary or by product. The 
presence of the lactic acid serves to coagulate the 
casein, so that curdling of the milk is always an 
accompaniment of the lactic fermentation after it 
has reached a certain stage. The presence of lactic 
acid is unfavorable to the growth of the ordinary 
germs of lactic fermentation, and when a certain 
amount of lactic acid has been formed (about .8 of 1 
per cent of the whole milk), the further develop- 
ment of lactic acid ceases. In milk of ordinary 
quality, this occurs when about one-fourth of the 
milk-sugar has been changed to lactic acid. If the 
acid be neutralized with an alkali, the fermentation 
will then proceed until another portion of milk-sugar 
has been changed to lactic acid, showing that the 
lactic acid simply prevents the growth of the germs, 
and does not kill them. Lactic acid germs are most 
active at temperatures between 80° and 100° F.; at 
temperatures below 80° they gradually lose their ac- 
tivity, and below 50° little or no lactic acid will be 
formed. At these low temperatures they are simply 
inactive, not dead. At a temperature of 105° F., 
the lactic germs become inactive, and a large propor- 
tion of them are killed at a temperature from 135° 
to 140° F. In milk, lactic acid fermentation means 
simply souring, and it renders the milk unfit for use, 
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almost. wholly because the taste is unpleasant to 
the ordinary palate. <A large amount of lactic acid 
is, perhaps, injurious to young and delicate or weak 
digestive organs, but ordimarily is harmless. — Lactic 
acid fermentations are extremely important in the 
processes of both butter and cheese manufacture, 
and their relations to these processes will be dis- 
cussed in detail in the proper place. 

Fermentations affecting the albuminoids.—These in- 
elude ordinary putrefactive fermentations, peptogenic 
fermentations, and fermentations resulting in the for- 
mation of poisonous products. These fermentations, 
as a rule, do not thrive in the presence of a strong 
lactic fermentation, so that ordinarily they do not 
manifest themselves in milk unless the conditions are 
peculiarly favorable for thei development and = un- 
favorable for the development of lactic acid. Many 
of the putrefactive fermentations will go on at a 
lower temperature than the lactie fermentations do ; 
hence it is often found, when milk is kept at a low 
temperature in order to keep it from = souring, that 
after a certain time it becomes Jitter or foul-smell- 
ing. This condition is caused by some one of ihe 
characteristic putrefactive fermentations. The putre- 
factive germs also readily take on the spore form, 
and in this condition are not so readily killed hy 
heat. The putrefactive fermentations usually result 
in the formation of bitter or other unpleasant flavors 
and disagreeable odors, and they are frequently ac- 
companied by a considerable evolution of gas. Pep- 


togenic fermentations are those which exert a pep- 
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tonizing or digestive action upon the albuminoids. 
By their action the casein is first coagulated, and 
finally liquefied or changed into a peptone. 

Butyrie fermentations. —The butyric ferments at- 
tack the fats, and result in the formation of bu- 
tyrie acid. They produce the peculiar condition 
found in cream and butter known as rancidity, and 
do not usually manifest themselves very strongly in 
the milk. 


CONTROL OF FERMENTATIONS. 


Since fermentations always occur in milk that is 
kept for any considerable time, and since they exert 
so powerful an influence, not only upon the milk 
but upon the products manufactured from it, the 
question of their control is one of prime importance. 
The three chief means of such control are: First, 
prevention of infection ; second, prevention of the 
growth of germs already present; third, destruction 
of germs already present. 

Prevention of infection. —The greatest source of 
infection comes from the body of the animal and 
from the air of the stable. The germs are always 
present, adhering to the hair of the animal, and par- 
ticularly to any particles of dust or dirt. In order, 
then, that the animal shall not be a source of infec- 
tion, it is necessary that she be carefully eurried 
and the udder, teats, flank, thighs and lower parts 
of the belly wiped off with a damp cloth immediately 
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before milking. It is of course necessary, also, that 
the hands and clothes of the milker should be as 
carefully attended to in this respect as is the body of 
the cow. The bacteria find in the exerements abun- 
dant food for growth and development, and are al- 
ways found in large numbers where such exerements 
are allowed to collect; and when dirt of this sort ac- 
cumulates and becomes dried, the dust floating in the 
air always carries with it large numbers of germs. 
The germs are also found in large numbers accom- 
panying the dust arising from hay and other dried 
forage. This being the case, it is essential not only 
that the stable should be kept serupulously clean, 
but that the air should be free from dust, partiec- 
ularly at times when milking is going on. Thor- 
oughly sweeping and then sprinkling the stable 
floors an hour or two before the milking will mate- 
rially lessen the germ content of the milk. 

Next to the stable, the dairy utensils are an im- 
portant source of infection with bacteria. They be- 
come attached to the seams and corners of the ves- 
sels, and are not dislodged even with the most careful 
cleaning, and when the fresh, warm milk is drawn 
into such vessels the germs immediately begin to grow 
and develop. The most serupulous care must, of 
course, be taken in cleaning any vessels in which 
milk is contained, but no vessel can be considered 
safe so far as conveving germs is concerned unless 
it has been exposed to the action of live steam for 
at least three minutes, and then kept in a secure 
place until needed for use. With these precautions 
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in regard to the animal, milker and utensils, milk 
may be secured with a minimum number of bacteria. 
The difference in the number of bacteria in milk so 
drawn, and in milk carelessly drawn, may easily 
amount to a difference of eighteen to twenty-four 
hours in keeping quality under like conditions. 

Holding at low temperatures. —If milk be immedi- 
ately cooled to a temperature of 40° F., or thereabouts, 
very little fermentation will go on, though it will be 
frequently found that after three or four days the 
milk or cream may have a more or less disagreeable 
flavor, due to the presence of some germs that de- 
velop slowly even at low temperatures. If low tem- 
peratures are to be depended upon as a means of 
keeping fermentations in check, it is, of course, of 
prime importance that every precaution should have 
heen taken to prevent the access of germs to the 
milk in the first place. The fewer germs the milk 
contains to begin with, the more effective will low 
temperatures be as a means of preservation. With 
care in both these respects, milk or cream may be 
kept in a fresh and merchantable condition for a 
week or ten days. 

Destruction of germs in the milk.—A large number 
of chemical agents is more or less destructive to 
germ life. Many of them are so violent in their 
action as to destroy the milk as well as the germs, 
but there are many which are destructive to germ 
life, with no effect upon the composition, odor or 
flavor of the milk; but all of these without excep- 
tion are more or less injurious to the human sys- 
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tem, particularly if they are used continuously, even 
though only in small quantities. Of the compounds 
which may be used for this purpose, formalin, saly- 
cilie and boracic acids and their derivatives are un- 
doubtedly the least injurious, but their use is not 
to be recommended under any circumstances. Some 
attempts have been made to utilize the electrie cur- 
rent as a means of destroying germ life in milk; 
but they have so far proved ineffectual, and in- 
stances are reported* where electrolysis of the milk 
constituents occurred where a continuous current was 
employed. Heat, then, is the only available agent 
that can be used for the destruction of germs al- 
ready present in the milk. This destruction of germs 
in milk or any other fluid by means of heat is called 
sterilization. In order to absolutely sterilize any sub- 
stance, it is necessary that it should be subjected 
to a heat of 212° to 240° F. for one hour on each 
of three successive days. This will kill not only the 
germs that are in active growing condition, but any 
spores that may be present. A lower temperature, 
175° to 212° F., will kill actively growing germs, but 
even at this temperature chemical changes are set up 
in the milk which give rise to flavors known as 
boiled or cooked flavors, that are disagreeable to a 
large number of people. In order to overcome the 
bad effects of heating at such high temperatures 
another process, known as pasteurization, is used. 


Pasteurization.—The name is taken from Pasteur, 


*L'Industrie Laitiére, April 1896. 
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who discovered and used the process in controlling 
the fermentations of wine and beer. It differs from 
sterilization only in the degree of heat used, and, in 
fact, may be properly called an incomplete or partial 
sterilization. The destructive effect of heat upon 
germ life depends both upon the degree of heat and 
the length of time to which the germs are exposed. 
A large number of germs are killed at temperatures 
from 138° to 140° F., while others are killed at tem- 
peratures varying from 150° to 165° F. These latter 
temperatures include the germs of all of the ordinary 
ferments and moxt of the germs of specific diseases, 
including that of the tubercle bacillus. Since the 
tubercle bacillus is the disease germ most likely to be 
present, milk is ordinarily considered to be safe from 
disease germs when it has heen pasteurized at a tem- 
perature sufficiently high to destroy it. This is a 
temperature of 149° F. for thirty minutes, a tem- 
perature of 155° F. for fifteen minutes, or a tempera- 
ture of 167° F. for ten minutes, and these temperatures 
have come to be looked upon as standard pasteuriz- 
ing temperatures. Milk may be heated to 165° F., 
if quickly cooled afterwards, without developing a 
boiled taste; so that it is possible that milk be 
rendered sate from the germs of disease and free 
from the ordinary germs of fermentation without 
developing in it a boiled taste. But in order to 
pasteurize milk safely, it is necessary that means 
should be provided for cooling rapidly from the 
pasteurizing temperatures to 50° F. or below. 

Milk carefully pasteurized, as above described, will 
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remain sweet thirty-six to forty-eight hours longer 
at ordinary temperatures than milk not pasteurized, 
from which germs have been excluded with ordinary 
care. 

The problem of successful pasteurization, then, 
depends upon the means of raising the milk in a 
short time to the required temperature, holding it 
there uniformly for ten or twenty minutes, and then 
cooling it rapidly to 50° or below. Several forms 
of apparatus have been devised for this purpose. 
Some of them are fairly perfect, but most of them 
are lacking in some important point. With the pres- 
ent activity in regard to this subject we shall un- 
doubtedly have in the course of a year or two, much 
more perfect apparatuses for this purpose than are 
at present available. The perfect pasteurizing ma- 
ehine should cover the following points : Quick, 
perfect and uniform heating of the milk; _ perfect 
control of the temperature ; quick and uniform cool- 
ing; compact form; ease of cleansing; absence of 
pumping arrangements; security against re-infection 
during the process. 

Selection of milk for pasteurization.—For the best 
results in pasteurizing, it is also essential that the 
milk be as fresh and free from fermentations as 
possible. Russel and Farrington have found* that 
milk that has developed as much as .2 of 1 per 
eent of lactic acid is too sour for satisfactory  re- 
sults. Inasmuch as this amount of acid cannot 


* Wisconsin Agr. Exp. Station, Bulls, 44 and 52, 
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readily be detected by the senses of smell or taste, 
Farrington’s alkaline tablets offer a very convenient 
means of selecting milks that are suitable or un- 
suitable for pasteurizing purposes. For this purpose 
it is convenient to make the tablet solution (see 
Chap. vu.) by dissolving one tablet in each ounce 
of water, or one tablet in 30 ec. «. of water. Then 
with a cup or other convenient vessel and a small 
measure of any suitable size, the comparative acid- 
ity of different milks can be readily and quickly de- 
termined as follows: Put a measure full of milk 
into the cup and add two measures of the tablet 
solution. If the color disappears, more than .2 of 1 
per cent of lactic acid is present, and the milk is too 
sour for pasteurizing purposes. If the milk remains 
pink, less than .2 of 1 per cent of lactic acid is pres- 
ent, and the milk may be safely used. If it is 
desirable to measure the amount of acid, each meas- 
ure of solution may be roughly taken to represent 
-l1 of 1 per cent of acid. Thus, if the pink color 
remains when one measure of the solution has been 
added, the milk contains .1 per cent of acid. If it 
require four measures of the solution before the pink 
color is permanent, the milk contains .4 per cent of 
acid. A convenient measure for this purpose is made 
by soldering a piece of stiff wire to the side of a 
No. 10 cartridge shell, after the manner of a milk- 
measuring dipper. 
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MARKET MILK. 


IN GENERAL, any conditions whieh make milk 
of better quality for manufacture, also make it of 
better quality to be consumed as milk. These 
conditions are not only those which have to do with 
the composition of the milk, but any other influences, 
as feed, health, care of the cows, or conditions of 
cleanliness. Several conditions affect the quality of 
milk intended for consumption as such. In the 
first place, it must be of high quality so far as 
the composition is concerned. Sevond, it must be 
secreted from healthy cows, fed ou pure food and 
kept in elean stables. Third, it must he so treated 
that the fat does not readily separate from the other 
solids, and it must not readily undergo fermentation. 
Last of all, it must be clean. 

Cleanliness.—Since cleanliness is equally impor- 
tant, whether the milk is intended for consumption 
or manufacture, it is well to take this up in detail 
first. All vessels used to contain milk should be 
heavily tinned; pails, cans, and the like, that are 
of the kind called ironclad are preferable on ac- 
count of durability. An efficient means of attain- 
ing cleanliness is in avoiding seams in the utensils. 
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This is secured by the use of the pressed or seam- 
less vessels wherever possible, and when it is not 
possible to use these, by taking care that the joints 
are completely and smoothly filled with solder. In 
ordinary pails as found in the market this is never 
done, and it is a matter of considerable importance 
to the purchaser that all such seams be resoldered 
before using. The tinware should be kept bright 
and perfect. So soon as any rust spots make their 
appearance, an entrance is given into the soft iron 
for germs and small particles of decaying matter, 
which are in cvonsequenve removed with much more 
difficulty. Milk is much more easily removed from 
vessels when it has not been allowed to become 
dried upon their surface. If rinsed as soon as 
emptied, tin vessels may he much more easily cleaned 
than if allowed to stand for several hours. For 
such rinsing, lukewarm water is much preferable to 
cold or hot water. Cold water does not so readily 
unite with the milk as warm water, and hot water, 
by coagulating the albumin, may cause the milk to 
stick or “eook on” to the sides of the vessel. The 
process of cleaning vessels that have contained milk 
should be: First, to rinse them thoroughly in luke- 
warm water; second, to wash them thoroughly with 
the aid of some good soap or alkali, in water as 
hot as the hand will bear; third, to thoroughly 
rinse in hot water; fourth, to expese to live 
steam from one to two minutes; fifth, exposure, if 
possible, in bright sunlight from two to three hours. 
With these precautions, not only will the tinware be 
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kept clean and bright, but no germs will find a 
resting place in the crevices. The use of much 
strong alkali is inadvisable, as it serves to cloud 
and tarnish the tin, giving it a dull appearance. If 
the vessels are exposed to steam until they are 
thoroughly hot, and then placed in such _ position 
that they will drain, no other drying will be neces- 
sary. 

Having taken every precaution that the vessels 
are thoroughly cleansed, the prevention of access 
of dirt to the milk in process of milking is impor- 
tant. To this end, the body, especially the lower 
part of the belly and udder, of the cow should be 
thoroughly brushed and preferably dampened just 
before milking. The hands of the milker should 
be clean and his clothes free from dust, and the 
air of the stable should be free from dust. If 
the stable floor is dampened, it will not only aid 
in this respect, but in summer time will materi- 
ally reduce the temperature of hot and overcrowded 
stables. With these precautions, we may expect to 
secure milk containing a minimum amount of dirt; 
but with all these precautions, more or less dirt will 
find access to it. And immediately after milk- 
ing, as much as_ possible of this dirt should be 
removed by at once straining the milk through a 
brass wire strainer of not less than fifty meshes to 
the inch and three or four thicknesses of loosely 
woven cotton or woolen cloth. The cloth strainer 
not only removes fine particles of dirt, but also 
entangles a considerable number of germs, and hence 
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these strainers should be cleansed with great care, 
and should be frequently renewed. 


Treatment after drawing.— So soon as the milk is 
drawn, it should be rapidly brought to a temperature 
slightly below the surrounding atmosphere. While it 
is being cooled it should be stirred to prevent the 
cream from rising, and in milk that has been cooled 
in this way there will be comparatively little tendency 
afterward for the cream to separate from the milk. 
Milk so treated is in an ideal condition for consump- 
tion, even though the consumer may consider the 
quality poor because of the slight tendency of the 
cream to form on the surface. 


Aération of milk.—Milk when drawn from the cow 
contains a certain amount of dissolved gases. These 
gases. contain more or less 

of what is known as animal 
odor, the amount of this 
odor depending very largely 
upon the physical condition 
of the animal at the time 
the milk is drawn. Some- 
times the amount is very 
slight and scarcely notice- 
able, at other times it is so 
great as to be extremely of- 
fensive. These gases and 
the accompanying odor are 
easily removed from the 


Fig. 7. “ Star’? milk cooler and ‘ 
aérator. milk by exposure of the 
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milk to the air during the process of cooling, and to 
this extent aération of the milk is an advantage. 
Various forms of aérators and combined aérators and 
coolers have been devised, many of which are simple 
and effective, and the best results follow their use. 
In order to secure these results by 
aération, however, it is necessary 
that the apparatus used for aération 
should expose the milk thoroughly 
to the air, should not be cumber- 
some, and should be simple and ea- 
sily cleaned; moreover, the process 
of aération should always take place 
in the purest atmosphere possible. 
Delivery of the milk.—In ordi- 
nary practice in the smaller towns = 
and villages, and to a considerable Hie AP dle ets 
extent in the larger cities also, the tr 
milk is placed in cans in which it is transported 
from the dairy, and is measured out in small quan- 
tities to each customer from the cans in which it was 
originally placed. Where care is taken to cool the 
milk, as described, and during the process of serving 
the customers to keep the contents of the cans well 
stirred, substantial justice is done each individual cus- 
tomer in the matter of giving him the due proportion 
of cream and skimmed milk. This has been well 
shown in a trial made at the Cornell University 
Agricultural Experiment Station* several years ago, 


* Cornell University Agricultural Experiment Station, Bulletin No. 20. 
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the interesting results of which are quoted below in 
full detail : 


To determine just how much variation there is in the fat 
of milk served to the different patrons of a route by dipping, 
a member of the Station staff accompanied a milkman as he 
went upon his route, and as the milk was about to be 
served to various patrons, took samples for analysis. The 
dipper, such as is ordinarily used by milkmen, was provided 
with a long handle, so that it rested on the bottom of the 
can when not in use. The milk was not stirred except by the 
motion of the wagon and the raising of the dipner. Twelve 
samples were taken, and yielded to analysis the following per- 
centages of fat : 


No. 1. . 4,52 
ame” . 4.43 Taken from Can A. 
i 3 4.41 
ee 4.32 
eB is: gig BBD: Taken from Can B. 
6s - 5.05 
ee Ee 4.15 
OB « «4.02 Taken from Can C. 
ee. - 4.05 
“10 4,94 
TL. 4.18 Taken from Can D. 
a hae . 4.85 


The milk was contained in four 30-quart cans, marked 
A, B, C and D. The samples were taken as follows: 

No. 1.—Taken from A at 5.50 a. m., within a few rods 
of starting. 

No. 2.—Taken when the milk in A was half gone, at 
6.10. Seventeen dips had been made since No. 1 was taken, 
and three-fourths of a mile traveled. 

No. 3.—Taken from the bottom of A at 6.20. Twelve dips 
had been made since No. 2 was taken, and three-fourths of a 
mile traveled. 

No. 4.—Taken from the top of B at 6.10, three-fourths of 
a mile from starting. 
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No. 5.—Taken from the middle of B at 7.20. Six quarts 
had been added to B at 6.35, and two and one-fourth miles 
traveled between taking samples 4 and 5. 

No. 6.—Taken from the bottom of B at 7.55. One and 
three-quarter miles traveled since taking sample 5. 

No. 7. —Taken from the top of C at 6.20, one and one- 
half miles from the start. 

No. 8.—Taken from the middle of C at 6.50. One mile 
had been traveled since taking No. 7. At 6.35 six quarts re- 
maining in the bottom of <A, and about an equal quantity 
bought of another dealer, had been added to C. 

No. 9.—Taken from the bottom of C at 7.00. Fifteen 
dips had been made, and a half mile traveled, since 8 was 
taken. 

No. 10.— Taken from the top of D at 7.50. 

No. 11.—Taken from the middle of D at a time when 
the wagon had stood still for four minutes, with the dipper 
resting on the botton of the can. Time, 8.15, and one mile 
traveled since 10 was taken. 

No. 12.—Taken from the bottom of D. 

A second and third trial gave similar results. 


SECOND TRIAL. 


a. b. Average. 
Sample 1 .. . 4.86 4.78 4.82 (Before starting.) 
Sample 2 . .4.71 4.71 (Top of can.) 
Sample3 . . . 4.82 4.82 (One-third gone.) 
Sample4 .. . 4.83 4.74 4.78 (Two-thirds gone.) 
Sample5 .. .4.73 4.82 4.77. (Bottom of can.) 

THIRD TRIAL. 

a. b. Average. 
Samplel .. 4.20 4.16 4.18 (Top of can.) 
Sample2 .. 4.11 4.00 4.05 (One-fourth gone.) 
Sample3 . . 4.13 4.01 4.07 (One-half gone. ) 
Sample4 . 4.15 4.04 4.09 (Three-fourths gone) 
Sample5 .. . 4.01 4.00 4.00 (Bottom of ean.) 
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These results were abundantly confirmed by a sim- 
ilar series made by Dean in Canada*. 

The removal of the covers of the cans in the 
dusty and dirty streets always results in considerable 
contamination of the milk, hence the practice of 
putting the milk into bottles upon 
the farm, and delivering these bot- 
tles intact to the consumer, has 
rapidly increased since its introduc- 
tion, some ten years ago. When 
the bottles are used, the milk should 
be put into them as soon as it is 
drawn, strained and cooled; they 
should then be sealed and kept in a 
cool place until ready for delivery. 
This method of delivery, although 
it entails a greater expense in outfit 
and transportation and a consider- 
able loss from breakage, ix much to 
be preferred to the old manner. 
et haere: Milk so handled, and kept at a 

Sense" milk shipping temperature between 45° and 50 
; F., should be in good condition 
sixty hours after it is drawn. Its life can be pro- 
longed by pasteurization, and the lability to trans- 
mission of diseases through the milk at the same 
time reduced to a minimum, but whether pasteuriza- 
tion should be relied upon for these purposes is 
still somewhat of an open question. In so far as 
immunity from diseases which may be present in the 


*Ontario Agricultural Migliaged DulléiennQwst@ec, 
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cows is concerned, official inspection of the herds 
is undoubtedly a greater safeguard than dependence 
upon pasteurization or sterilization; and so far as 
the liability of transmission of other diseases is con- 
cerned, the milkman who is eareless in regard to 
the cleansing of his utensils, would quite as likely be 
careless in the pasteurization or sterilization process, 
so that reliability of the milkman is an important 
factor in the purity of the milk supply, no matter 
what other precautions are taken. 

Quality of milk for consumption.—The fat is the 
most variable and the most valuable constituent of 
the milk, so that milk is ordinarily considered to be 
of value for human food in proportion to the amount 
of fat it contains, but where it is to be used as 
a food in large quantities, the fat may frequently 
be present in too large quantities for the digestion 
of many persons. Milk containing about 4 per 
cent of fat is probably an ideal food for the gen- 
eral mass of human beings. If there is above 5 
per cent of fat the other solids are somewhat out 
of proportion, and many are likely to have trouble 
with their digestion from using large amounts of 
such milk. On the other hand, if there is less 
than 3 per cent of fat, the casein and other solids 
are in too great proportion to the fat, and are less 
readily digested. The question of the healthfulness 
of milk from which a large part of the fat has been 
removed is one frequently discussed. The removal of 
the fat does not thereby in any way injure the other 


solids; they are still there, and still as useful for 
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food as before the fat was removed, only in con- 
suming such milk as food the fat must be supplied 
in some other way. For the person of vigorous 
digestion, who for reasons of economy desires to 
supply the fat required by his system in some 
cheaper form than that of milk fat, skimmed milk is 
a wholesome and nutritious article of diet, which 
furnishes to the system almost the same sort of 
nutrients that lean meat, eggs, or foods of like na- 
ture do, and no one should be debarred by legisla- 
tive or municipal enactment from using such an article 
of food if he so desires. 


Control of milk supply.—Since milk is so extremely 
variable in quality, and is so easily adulterated; 
since often considerable variations are- not readily 
detected ; above all, because the amount of milk 
used by any given person or family is compara- 
tively small, the consumer of milk is almost 
wholly at the mercy of the producer and dealer, and 
must rely for a good product very largely upon their 
honor. The state has recognized this, and to pre- 
vent imposition by unscrupulous people, has in 
various ways sought to regulate the sale of milk and 
like products. The chief means used has been to 
establish arbitrary standards of quality, and to subject 
to fine those dealers whose goods should be found 
to be below the required standard. The standards 
established by various states and municipalities have 
varied widely. From 2.5 to 3.7 per cent of fat, 
and from 11.5 to 13 per cent of total solids, have 
been the minimum requirements. (See Appendix C.) 
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These standards, while efficient in securing honest 
dealing where they are rigidly enforced, nevertheless 
may work injustice, so far as the honesty of the 
dealer is concerned, under various circumstances, 
and may prevent the production and sale of a com- 
paratively low quality product at a reasonable price. 
It would seem, therefore, that the best means of reg- 
ulating the traffic in milk would be, not to set up 
an artificial standard to which all must come, but 
to require each individual dealer to guarantee his own 
standard, and hold him responsible if his milk were 
found below. In this way it would be possible to 
sell milk of various qualities, from strictly skimmed 
to heavy cream, upon a graduated seale of prices, 
with exact justice to every one. 
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SEPARATION OF CREAM. 


CREAM is that part of milk into which a large 
portion of its fat has been gathered. It is com- 
posed of the same constituents as muk, but they 
are not in the same or any constant relative pro- 
portion. Cream is separated from milk to be con- 
sumed as food, and, as a matter of convenience, in 
the manufacture of butter. The separation of cream 
is always attended with some loss of fat. The per- 
eentage of fat in cream may vary anywhere between 
8 and 70 per cent. Cream of good quality for com- 
mercial purposes should contain from 18 to 25 per 
cent of fat, and very rich cream contains from 35 to 
40 per cent of fat. Cream is composed of glob- 
ules of fat, with such part of the water and _ solids 
as adhere to them. Its separation from the milk 
is effected by means of the difference in specific 
gravity between the globules of fat and the milk 
serum. The fat in the milk is in the condition 
known as an emulsion; that is, in the form of minute 
globules, which are kept from running together and 
coalescing by means of the surface tension of their 
particles and the viscosity of the liquid in which 
they float; therefore, any condition of the milk 
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which tends to increase the surface tension or the 
viscosity will act as a hindrance towards the  sepa- 
ration of the cream. While the viscosity of the milk 
serum prevents the particles of fat from uniting 
into a mass, still the particles have considerable free- 
dom of movement in the milk, and being of a less 
specific gravity, of course are acted upon with less 
intensity by any force to which the milk is subjected. 

If the milk is allowed to remain at rest in a 
vessel, the force of gravity, acting with different in- 
tensities upon the globules of fat and the milk serum, 
will cause the particles of fat to gather together 
near the surface of the liquid. In so gathering, 
they carry with them certain of ‘the milk con- 
stituents, and the layer of fat globules and adher- 
ing particles we call cream. From time immemo- 
rial, and until within a very recent date, the 
force of gravity, acting in the way indicated, has 
been the only means used for separating cream from 
milk. Now machines are in use that effect a sepa- 
ration of the cream from milk by means of centrif- 
ugal force, and at the present time we have three 
systems of separating cream; namely, by gravity 
acting upon a thin layer of milk in a shallow vessel, 
known as the Shallow Pan System; secondly, by 
gravity acting upon a deeper mass of milk, usually 
submerged or partially submerged in water, known 
as the Deep Setting System; and thirdly, by ma- 
chines making use of centrifugal force, known as 
the Centrifugal or Separator System. The quality 
of the cream for consumption or for purposes of 
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manufacture is not affected either one way or the 
other by any of these three systems, so that their 
relative economy rests wholly upon the complete- 
ness, cost and ease of separation. 

Since the separation of cream from milk is al- 
ways attended with some loss of fat, it is pertinent 
to inquire as to the necessity of any separation of 
the cream when butter is to be made. It is per- 
fectly possible to manufacture butter directly, by 
churning whole milk without separating cream, and 
undoubtedly the first churns were skins of animals, 
into which the whole milk was placed and then 
agitated until the butter was brought; but under 
good conditions it is not possible to so completely 
remove the fat from the milk by a churning process 
as by a creaming process; so that while there is 
some loss in separating the cream, there is usually 
a greater loss in churning the butter from the whole 
milk. Even when the loss of fat in the butter- 
milk is no greater than the loss of fat in the 
skimmed milk, the greater amount of labor required 
to churn the whole mass of milk still renders cream- 
ing an economical practice in the manufacture of 
butter. 

Gravity creaning.—In separating cream by force 
of gravity, there is a greater loss of fat, a longer 
time required, and the various conditions affecting 
the milk have a greater influence upon the creaming 
than when centrifugal separation is used. The 
conditions of the milk that affect the creaming by 
the gravity process are: First, the size of the fat 
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globules; second, the amount of solids not fat in 
the milk; third, the character of the solids not 
fat. The larger the fat globules the more readily 
they separate from the milk, since the larger the 
sphere the less the ratio between the surface and 
the mass, so that a large fat globule meets with pro- 
portionately less resistance because of the viscosity 
of the milk than a small one. The size of the fat 
globules is to a great extent a characteristic of the 
breed and individuality of the animal, but cows 
newly calved secrete larger fat globules than those 
in advanced periods of lactation; consequently we 
find that the milk from new milch cows is more 
readily creamed than from those long in milk. 
The amount of solids not fat affects creaming by 
the gravity process because of the difference it effects 
in the specific gravity of the fat and milk serum. 
The solids not fat are all heavier than water, and 
in the milk are in a state of solution or semi-solu- 
tion ; hence, an increase in the amount of solids not 
fat increases the specific gravity of the milk serum 
in which they are dissolved, and makes the differ- 
ence between the specific gravity of the fat and 
milk serum greater and the separation of the fat 
easier. The proportion of solids not fat is in- 
fluenced by the period of lactation and, to a con- 
siderable extent, by the character of the food. Cows 
far advanced in lactation often give milk extremely 
rich in solids not fat. Cows fed on dry food give 
milk containing less water than those fed on watery 
or succulent foods. In so far as these conditions 
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inerease the amount of solids not fat, we should ex- 
pect such milk to be more easily creamed, but the 
favorable effect of the increase of solids is more 
than counterbalanced by the unfavorable effect of 
the character of the solids. Of the solids not fat, 
albumin, casein, sugar and ash increase the viscos- 
ity of the milk in the order named, and of these 
the casein is more subject to variation, so that the 
increase in the proportion of solids not fat ordi- 
narily means an increase in casein, and this means 
a largely increased viscosity. And the increase in 
viscosity tends to prevent the separation of the fat 
more than the increase in specific gravity tends to 
aid it. In general, the conditions which bring about 
an increase in the viscosity of the milk oceur at the 
same time as the fat globules are growing smaller, so 
that we find a wide range of variability in the ease 
and completeness with which cream may be separated 
by gravity process. 

Shallow pan ereaming.—This is the oldest method 
of separating cream from milk, and notwithstanding 
the rapid changes that have taken place in cream- 
ing methods since the introduction of centrifugal 
separators, large amounts of butter are still made 
from cream separated in this way. The conditions 
most favorable for a complete separation of the fat 
in the shallow pan system are, that the milk should 
be put at rest in the pans as quickly as_ possible 
after it is drawn, that it should cool with a fair de- 
gree of rapidity to a temperature of 60° F., and that 
it should remain as nearly as may be constantly at 
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that temperature for at least thirty-six hours. 
Further, since the milk must remain for so long a 
time, it is essential that the atmosphere to which it 
is exposed be pure and free from currents of air 
and particles of dust. These conditions can be 
secured in a clean, cool, well ventilated cellar. 
In the shallow pan system, the depth of milk should 
be from 2 to 4 inches. Oceasionally water, usually 
running water, is used to secure a quick cooling 
and more even temperature surrounding the milk, 
and when this is done the depth of the milk may 
be increased to 4 or 6 inches. Under the shallow 
pan system, the cream is separated from the milk 
by removing it from the surface with a thin flat 
instrument, usually made of tin, and ealled a 
skimmer. In this method of removal, it is not 
possible to completely remove all the cream that has 
risen to the surface, and in removing the cream 
more or less of the milk is taken with it, so that 
in the process of skimming there is a considerable 
loss of fat and a thin cream is always obtained; 
but even if the losses in the skimming operation 
could be obviated, the separation of the particles of 
fat in the shallow pan system is less complete than 
in either of the others. Under ordinarily good con- 
ditions, 20 per cent of the fat in the milk is lost 
when the shallow pan system is used. Skimmed milk 
containing less than .5 of 1 per cent of fat is 
rarely obtained under this system. 


Deep setting system.—About thirty years ago it 
was discovered that if milk could be set in vessels 
when first drawn? aizd pabiadPro@boled to a tempera- 
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ture of about 40° F., and held at that temperature 
for twelve to twenty-four hours, not only could 
the depth be increased from 4 to 20 inches, but the 
separation was much more complete in a shorter 
time. In order to bring about quick cooling, ves- 
sels not more than a foot in diameter were used, and 
water, either from cold springs or containing ice, 
was used as the refrigerant. Two essentials, then, 
for complete creaming by this system are the rapid 
and immediate cooling of the milk to 40° F., and 
a sufficient supply of ice to maintain this tempera- 
ture for twenty-four hours. Under these condi- 
tions the fat may be so completely separated that 
not more than .2 of 1 per cent of fat is left in the 
skimmed milk. Various devices have been used, 
the best known of which is the Cooley system, in 
which the cans are not only surrounded by _ice- 
cold water, but completely submerged in it, the 
chief effect of the submerging being to guard the 
milk against contamination through the atmosphere. 
The same conditions as to the character of the milk 
affect completeness of separation in both the shallow 
pan and deep setting systems, but no completely 
satisfactory explanation has ever been assigned as a 
reason why the fat globules should rise more 
rapidly and more completely through 20 inches of 
milk at a temperature of 40° F. in the deep setting 
system, than through 4 inches at a temperature of 
60°-70° F. in the shallow pan system. 

It has been asserted that because water is a 
better conductor of heat than fat, it will cool more 
rapidly than the fat, BG ;.Will.= increase in density 
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till its maximum density is reached at about 40° F., 
at which temperature the difference between the 
specific gravity of the water or milk serum and the 
fat will be at its greatest, and the separation of the 
fat for that reason promoted. But while the water 
does cool faster than the fat, the fat shrinks or 
inereases in density much faster than the water, 
so that the difference in specific gravity between the 
two is no greater, and in fact less, at low tempera- 
tures than at high ones. Further, the viscosity of 
the milk serum is much increased at low tempera- 
tures, so that the favorable influence of low tempera- 
tures cannot be explained upon these grounds. 
Arnold* attempted to explain the favorable influence 
wholly upon the relative contraction of the fat and 
serum, as follows : 


Water is a better conductor of heat than fat; henee when 
the temperature of milk varies either up or down, the water 
in the milk feels the effect of heat or cold sooner than the 
fat in the cream does, therefore the cream is always a little 
behind the water in swelling with heat or shrinking with cold, 
thus diminishing the difference between the specific gravity of 
the milk and cream when the temperature is rising, and in- 
creasing it when the temperature is falling. 

But that this explanation is not sufficient, Bab- 
cock t has shown thus : 

Though it is true that water is a better conductor of heat 
than fat, the small size of the fat globules renders it impossible 
that, under any circumstances, there can be more than a small 
fraction of a degree difference between the temperature of the 
fat and that of the milk serum. Moreover, within the limits 
of temperature practical for creaming (90° F. to 40° F.), 


* American Dairying, 
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coefficient of expansion of butter fat is more than three times as 
great as that of water, so that in order to maintain the same 
relative difference in their specific gravities, when the tempera- 
ture is falling, the milk serum must cool more than three times 
as rapidly as the fat. In other words, when the milk serum has 
cooled from 90° F. to 40° F., or through 50°, the fat globules 
should have lost less than 17°, and should still have a tempera- 
ture of over 73° F., a difference between the temperature of the 
fat and serum of more than 33°. Such a condition is mani- 
festly impossible, but any less difference than this would cause 
the fat to become relatively heavier than at first, and would 
operate against the creaming. 

On the whole, the most satisfactory explanation of 
the good effect of the low temperature in the deep 
setting system is that advanced by Babcock,* that 
the presence of fibrin in milk, especially when it has 
coagulated in the form of threadlike masses, permeat- 
ing the fluid in all directions, offers a considerable 
obstacle to the rising of the fat globules. The sudden 
reduction of the temperature quickly after the milk 
is drawn, by preventing the formation of these 
fibrin clots or threads, aids in the separation of the 
fat. This would be entirely satisfactory were it not 
for the fact that it has been shown that while it 
is usually of advantage to cool the milk imme- 
diately after it is drawn, in some cases, at least, 
the setting and cooling may have been delayed for 
wv time long cnough to permit the formation of 
fibrin clots without appreciable effects upon the sep- 
aration, as the following tables t very clearly show, 
the efficiency of creaming being measured by the 
percentage of fat in the skimmed milk: 


* Loc. cit. pee 4 
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Effect of delayed setting upon creaming. 
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4 | 2 i - 
8 c Set at once. 
45 & a Bad 
Date, aR 8 4 p : 24 
1890. 3 od ee te & | 23 
Big | 3a] F | a | 38 
ple pe be | 2 | ae 
I 
1. Dee. 24, P. M. 13 40 3.90 || 35.5 92 57 
2. Dee. 25, a. M. 8.5 40 3.45 | 18.5 86 -56 
3. Dee. 25, P. M. 12 40 4.05 || 37 86 59 
4. Dee. 26, A. M. 9.75| 40 29 88 55 
5. Dec. 26, P. M.. 16 40 | 4.10 | 36 90 «24 
6. Dee. 26, A. M. 8.25! 40 4,15 
7. Dee. 26, P. M. 14 40 4.00 
8. Dee. 27, a. M. 9 40 | 3.90 
Average of all . . . 11 40 | 3.94 88 -50 
Average Nos. 1-5 -50 
} IIr 
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I. Dec. 24, P. m.} 24.5 | 60] 88 | .59 | 30 GO| 68 | .64 

2. Dee. 25, a. M.| 18.5 45 | 84) .56 | 75.5 | 22 62 | .55 

3. Dee. 25, P. M. | 37 45) 84] .47 | 61.5 60 | 74 | .53 
4. Dec. 26, A. M.| 30.25| 130} 82 | .68 
5. Dec. 26, P. M.| 36 75 | 90) .22 

6. Dee. 26, A. M.| 37.5 | 205 | 92 | .68 | 37.5 | 205! 58 | .66 

7. Dee. 26, P. M.| 24 90| 90 | .49 | 23.5 90 65 | .65 

8. Dee. 27, a. M. | 74 210) 95 | .68 | 74 210 | 64] .54 

Average of all 107 | 88 | .55 141 | 65 | .59 

Average Nos. 1-5 -50 57 

Average ‘‘ 6-8 58 .60 
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The milk was divided into three portions; one was set at 
once, one was delayed for an hour, but kept up to a tempera- 
ture of 92 in a water bath, and the third was put in the open 
air and allowed to cool for an hour before set. In the cases 
of delay, the milk was stirred up just before it was placed in 
the creamer, and all the settings were made in Cooley cans, in 
ice water. 

The trials reported under the same number, with the excep- 
tion of the first and second, are comparable, as they were made 
from different portions of the same samples of milk. In num- 
bers 1 to 5, inclusive, the delayed sample (Column II.) was 
kept warm in a water bath; in numbers 6 to 8 the milk 
used had been carried about on the route, and the delayed 
sample was heated up after having been allowed to cool. 


From a similar series of experiments Jordan* 
coneluded: 


That with herds of ordinary size, it will not be profitable 
to submit to any great inconvenience in order to place the 
milk in ice water immediately after it is drawn. In a half 
hour to an hour, milk does not seem to cool sufficiently to ma- 
terially affeet the completeness with which cream will rise. 


In order to overcome certain difficulties that often 
occur in raising cream by deep setting process, dilu- 
tion of the milk with water has been recommended, 
usually under one of the three following conditions: 


Ist. Dilution with one-fourth to one-third of hot 
water, 135° F., and setting in deep cans at a tem- 
perature as low as can be obtained without the use 
of ice, not below 55°. 


2d. Dilution with one-half to equal quantities of 


*Maine Agr. Exp. Sta. Rept. 1890, Part II. page 48. 
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cold water, and setting under the same conditions as 
above. 

Both of these being intended as substitutes for the 
use of ice in cool deep setting in the summer time. 

3d. Dilution with one-third to one-fourth of hot 
water (135°), setting in deep caus in ice water (40 F.). 

This last intended to overcome the difficulty of 
complete creaming often found in the fall and early 
winter with the milk of cows far advanced in the 
period of lactation. 

The idea is that the increased fluidity imparted to 
the milk by the water would facilitate the separa- 
tion of the fat globules. During the winters of 
1888-9 and 1889-90 very little ice could be harvested 
through the dairy regions of the northeastern United 
States, and in the summer following this idea of 
dilution was widely advocated and considerably prac- 
ticed; but experience and experiment* have shown 
that while dilution may be of some advantage when, 
for lack of a supply of ice or other reasons, it is 
not possible to secure a temperature below 60° F., 
it can in no ease be considered a satisfactory sub- 
stitute for setting the cans in water at a tempera- 
ture of 40° F. 

The amount of advantage which may be obtained 
where dilution is practiced, as measured by the per- 
centage of fat in the skimmed milk, is seen in the 
following tables (on pages 104 and 105), taken from 
Bulletin No. 39 of the Cornell University Agricultural 
Experiment Station: 


* Vermont Agricultural Experiment Station, 4th Ann. Rept. p. 100. 
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Diluted and undiluted milk set in water at a temperature 
of 60° 
Temperatures F.| | | Diluted. |Not diluted. 
ig 3 ol eg loc alow 
2 | fea] S4 [88 | £2 88 
Date, ated i 3B a4 Salaxw | Salou 
g|e 2 SB le Ste | oe [BS 
rg. | A] . 2| 2] g |82 fa lee | gle 
ey a © a g a 2 g| Sie ee C5 Fes 
S\e/Sa/e le] 2] 2 2 52) e¢@ sas) xa +25 
4/E;/4/B;a/5| o |] 6 ja la ie us 
Pen. 19.) 54] 18) 84 }ass{ 97] 65] 60 |12 |42) 4.07] 89 
19-372 84 8] 65 | 59 | 13 142 1.33] 1.09 
“92. | 54 | 18 | 90 | 136] 99] 64 | 59.5 1/125 |4.2] .52| 43 
BN 98 90 90} 6£ | 57.5 | 14.5 | 4.2 .97 7 
“93. | 54 | 18 | 89 | 135101] 66 | 60.75 11.25 4.3] .80| .68 
ae ere ye 89 89] 66 | 58.50) 13.5 | 4.3 1.12) 91 
“98 .| 54] 18 | 88 1134] 98] 57 [58 | 14 -35] 28 
198 6-02) 838 88} 57 | 37 15 65 1 
“99 .) 54] 1X | 86 | 134] 97] 60 | 59.75] 12.25! 4.4} .68] 56 
D9 5.1 72 86 86] 60 }58 | 14 | 44 1.18 95 
Mar. 1 .| 54] 18 | 86 135] 96] 60/61 |11 /|4.1] .68| .538 
= 72 86 86] GO) 58.5 113.5 | 41 96) 78 
“8 M4 | 18 | 86 6135) 96] GO | 60.75 | 11.25/4.3) .85) 72 
Sc emeol: rere 86 86 | GO | 57.75 | 14.95 | 4.3 .82) 66 
“yt. | 27] 9 | St) 136] 96] 58} 29.5 | 6.5 | 3.9!) .88] 72 
14. | 36 84 84] 58 | 30 6 | 39 1.14) 95 
“ 15../] 27] 9 | 86 | 132] 95] 58 | 30 6 |3.9| .73| .61 
“15. | 36 86 86] 58} 29.5 | 6.5 | 3.9 1.25| 1.02 
“96 .| 27 | 9 | 88 | 136/101] 56 | 29.5 | 6.5 | 4.1 
“87 21 36 88 88] 56 | 28.5 | 7.5 | 41 -67| 53 
“97. | 54 | 18 | 90 | 135/100] 64 | 60.25] 11.75) 4.5/ .81| 68 
“97 . | 36 90 90 | 64 | 30 6 14.5 +70, 58 
“9g .} 271} 9 | 88 | 136/102] 61 | 31 5 |4 
‘98 .| 36 88 88 | 61 | 30 6 |4 1.21) 1.01 
“ BL .| BF) O | 87 | tas! 168) 62 | 36 6 4.1| .93] .78 
“31. | 36 87 87] 62 129.75) 6.25) 4.1 1.17 97 
Apr, 2 27 9 | 91 1385} 103! 65 | 30 6 4.7| 1.08] .90 
Do | a 91 91| 65 | 29 The 1.68} 1.35 
“4.1 27 | 9 | 92 | 185} 102! 62 | 29 7 4.9 cl 05 
“4.1 36 92 92] 62 | 29 7 |42 -92] 74 
Average|. . ‘ | ue | 76 | .62 | 1.05 85 
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Diluted and undiluted milk set in water at a temperature of 


40°-45° F. 
Temperatures F. g Diluted. | Not diluted. 
qe ooan eq a et ee : ; in 
4 | , (ea] 22/88 | #2 | 8g 
Pe ge | | .| @ | & [#8] S& ja. | #8 | ay 
— r=) to fet 
we, |) ] Jel | &t se | g (esl 8 le2 | 8 | ae 
Slelais.e2/3| 2) 2 let 22 |laa! 28 | cay 
= Ses Se BI bt | 444) 53 | x48 
SIE/B/E a,5|] a 1 & lho] S* 185°) "1s 
Feb. 20 . | 54 | 18 | 87 | 140 100 | 44/58 [14 [4.4] .82 26 
oOo |W 87 87 44 | 54.25 | 17.75 | 4.4 .25 19 
“91 .| 54 | 18 | 88 | 1386] 99} 44 157.5 | 14.5 | 4.4) .20 16 
aes ered Rare 88 88 | 44 | 53.75 | 18.25 | 4.4 124 18 
a 54118 | 87/134) 97] 45 56.25]15.75 4.2, .23 | 18 
eos era er) 87 87/45 | 53,5 | 18.5 | 4.2 17 13 
“95 .| 54 | 18 | 90 ]134/100| 46 57 [15 | 4.4.23 | 18 
O95 | FE 90 90| 46 54.25 117.75) 4.4 -26 20 
Mar. 30. | 27| 9 | 86 | 135/100! 44 29 7 132 | 26 
"30. | 36 86 86 27 9 135 26 
if 
“ 47.127] 9 | 88} 136! 97! 44 | 29 | 7 |4.7| .44 | 09 
“47 -| 18 is 88 4413.5 | 4.5 | 47 18 14 
“30.27 9 | 86/135] 100) 44, 28 8 |5 | .08 | 06 
“30. | 18 86 x6) 44 113 5 15 12 09 
i 
April5 .) 27 | 9 | 90) 138 103) 46 29.75; 6.25/3.3| .81 | 295 
"5 | 18 90 90/46 | 14.5 | 3.5 | 3.8 628 | 23 
Average fea[ee F |. =| alt ake -|-- 23 18 | .23 18 
, i} 


Summing up all of the experiments, the average 
efficiency of creaming as measured by the percent- 
age of fat in the skimmed milk would appear to be 
about as follows : 

Diluted, set at 60° (39 trials) .77 per cent. 
Undiluted, set at 60° (30 ‘‘ ) 1.00 “ 
Bes Ae FOB EP age 

It would seem, therefore, that while, when the 

milk is set at 60° F. or thereabouts, there is consider 


able advantage, so far as the efficiency of creaming 
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is concerned, in diluting it with 25 per cent of warm 
water, this dilution cannot be regarded as a sub- 
stitute for setting without dilution in ice water, and 
it has the further disadvantage of requiring in- 
creased tank capacity. 

Centrifugal separation.—In separating cream in a 
centrifugal machine, the centrifugal force generated 
in a rapidly revolving bowl is made to take the 
place of the force of gravity acting upon the milk 
at rest in a vessel. The amount of force generated 
is so much greater than the force of gravity that 
the separation of the particles of fat is much more 
rapid and much more complete. The force, how- 
ever, acts ina horizontal instead of a vertical direc- 
tion. In 1877, a patent was granted to Le Feldt & 
Lentsch for a machine to separate milk by centrif- 
ugal force. This first centrifugal separator consisted 
merely of a series of buckets hung upon arms 
swinging from a central axis. When the machine. 
was at rest the buckets assumed a vertical position, 
but in motion they were thrown out horizontally from 
the arms. The milk was placed in these buckets, 
the machine set in motion until the cream was sepa- 
rated from the skimmed milk, and when the machine 
was allowed to come to a _ stand-still the buckets 
assumed a vertical position, and the cream was re- 
moved from the top in the same way that it was 
skimmed from any other vessel. From this was 
evolved a machine consisting of a revolving bowl 
or drum in which the separation takes place, with 
arrangements for removing the skimmed milk and 
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cream without stopping the machine, thus making 
the separation continuous. The various parts of 
the machine have been much improved in minor de- 
tails. At the present time the essential parts of 


i 


; 


Fig. 10. Section of separator bowl of plain or ‘‘ Hollow Bowl” type. 


a separator are the bowl, with or without internal 
devices or arrangements to assist in the separation 
of the cream from the milk, an outlet for the 
skimmed milk, an outlet for the cream, an inflow for 
the whole milk, and the proper mechanical means 
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for revolving the bowl. (The more common types of 
separator bowls are shown in Figs. 10-13.) Usually 
the bowl is driven in an upright position, but there 
are separators in which the bowl is driven in a hori- 
zontal position, and in the greater number of ma- 
chines the walls of the bowl are eylindrical. In the 
process of separation the milk flows into the bowl, 
and, partaking of the centrifugal force, is forced to 
the extreme outer edge of the bowl. As the milk 
continues to flow in, the bowl begins to fill from 
the outside toward the center. The centrifugal force 
acting more strongly upon those parts of the milk 
which have the greatest specific gravity, they are 
thrown to the extreme outside, and the hghter por- 
tions, the fat globules, with whatever may adhere 
to them, are forced to the center. Attached to the 
extreme outer edge of the bowl are one or more’ 
tubes, which, bending inward along the side of the 
bowl, find an opening near the center. These are 
the outlets for the skimmed milk. From the ex- 
treme center of the bowl, also leading to the out- 
side, is the cream outlet. When the bowl becomes 
filled with milk, the centrifugal pressure will force 
out through the skimmed milk outlets the milk nearest 
the outside of the bowl. These outlets are made 
of such size in comparison with the size of the bowl, 
the speed of the machine, and the size of the inflow 
tube, that they have a capacity of discharging the 
milk from .4 to .9 as fast as it runs in; the remain- 
ing contents of the bowl are then forced toward 
the center, and find an exit through the cream 
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outlet. In this way the milk as it enters is divided 
into two portions: one, the larger, drawn from the 
extreme outer portion of the bowl, consisting of 
skimmed milk, and the other, the smaller, escaping 
from the center of the bowl, the cream. A_ third 
portion also usually accompanies centrifugal sepa- 
ration. A part of the semi-solid constituents of 
the milk, being heavier than the milk serum, are 
thrown to the outside of the bowl, and adhere to 
the walls in the form of a creamy or gelatinous mass, 
which is ordinarily called separator slime. It consists 
mainly of albuminous matters with some fat globules 
adhering, and any particles of dirt or foreign mat- 
ter that may be mechanically mixed with the milk. 
It varies greatly at different times and seasons. 
Usually the amount is not large, but not infrequently 
it is sufficient to clog the outlets of the separator after 
a run of an hour or two. The separator slime is 
largely composed of matter deleterious to the qual- 
ity of cream and butter, and its removal is to a 
great extent a purification of the cream. The various 
conditions affecting this operation are as follows : 

Conditions affecting the completeness of  separa- 
tion.—The completeness of the separation is depend- 
ent upon the centrifugal force generated, the rate 
of inflow, the temperature of the milk, and the 
physical condition of the milk. : 

The amount of centrifugal force generated depends 
upon the diameter of the bowl and the velocity of 
rotation. 


Roughly speaking, the centrifugal force increases 
Digitized by Microsoft® 


110 Milk and Its Products. 


directly in proportion as the diameter is increased and 
directly with the square of the velocity. The larger 
the bowl, then, and the greater the speed, the greater 
the centrifugal force and the more complete the sep- 
aration. The rate of inflow of milk affects the 
separation, because the separation is more complete 
the longer the milk is subjected to the centrifugal 
force, and the slower the milk flows into a given- 
sized bowl the longer any particle will be in flowing 
through it and the more completely will the cream 
be separated. The temperature of the milk affects 
the fluidity of the fat globules and their ease of mo- 
tion upon the other particles of the milk; the warmer 
the milk the more easily are they separated. <A 
temperature of 76° to 98° F. is the one commonly 
employed because of the effect upon the texture of 
the butter. It is desirable that the milk should be 
separated at as low a temperature as possible without 
interfering with the completeness of the separation, 
so that, other things being equal, that separator is the 
best that separates the milk at the lowest tempera- 
ture. The physical condition of the milk affects 
separation by the centrifugal in the same ways that 
gravity creaming is affected, but to a very much 
slighter degree. Small-sized fat globules, viscosity 
of the milk, and coagulation of part of the casein 
by incipient fermentations, all tend to make separa- 
tion more difficult; but in a majority of cases, un- 
less the milk is so sour as to be coagulated, it may 
be completely creamed with a centrifugal separator, 
but will require a slower feeding (a reduction of 10 
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to 15 per cent will usually suffice), and a higher speed 
of the bowl, or both. 

Conditions affecting the relative amount of skimmed 
milk and cretin.— The relative amount of skimmed 
milk and cream is affected by the rate of inflow, 
by the speed of the bowl, by various special econ- 
trivances upon the machines themselves, and to a 
slight extent by the temperature of the milk. In 
the ordinary machine the size of the skimmed milk 
outlet is fixed, and therefore at a given velocity the 
outlet will discharge a nearly uniform quantity of 
fluid. If, then, the milk is turned into the bowl at 
such a rate that .8 of it escapes through the skimmed 
milk outlet, we shall have .8 skimmed milk and 
22 cream. If now we reduce the rate of inflow 
by .1, we shall get just as much skimmed milk as 
before, but only one-half as much cream; or if the 
inflow is increased }y .1, we shall get the same 
amount of skimmed milk and once and a half as 
much cream. If under the first conditions all of the 
fat was gathered into the cream, we shall have just 
as complete a separation as before, but will simply 
get a cream containing a greater or less percentage 
of fat, provided that the increase of inflow has not 
increased the total amount above the capacity of the 
machine. In other words, the greater the inflow, 
the more eream and the thinner the cream; the 
smaller the inflow, the less cream and the richer the 
cream. These variations can only take place within 
comparatively narrow limits. If we increase the in- 
flow too much, we shall soon reach a point at which 
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the milk passes so rapidly through the machine that 
the separation is not complete, and if we reduce the 
inflow to such a point that the skimmed milk outlet 
has a capacity of discharging the milk as fast as it 
flows in, we shall get a separation until the bowl 
becomes filled, and then all of the milk will pass 
out of the skimmed milk outlet in the same condi- 
tion in which it enters the machine. 

The speed of the machine, also, affects the rela- 
tive amount of cream and its percentage of fat. The 
size of the skimmed milk outlet being fixed, the 
faster the bowl is revolved the greater the capacity 
of this outlet will be, so that, the rate of inflow 
remaining uniform, the faster the bowl is revolved 
the less proportional amount of cream we shall have, 
and the richer it will be in fat, and vice versa. It 
must be borne in mind, further, that the speed of 
the bowl is also an important factor in the complete- 
ness of separation, and that if the speed is slackened 
in order to get a greater bulk of cream, there will 
be danger of incomplete separation. 

Most of the machines have arrangements for reg- 
ulating the relative amount of skimmed milk and 
cream without changing the rate of inflow or the 
speed of the machine. In most of the machines 
this arrangement is known as a “cream screw,” and 
affects the amount of cream by placing the cream 
outlet nearer or farther from the center of the bowl; 
the nearer the center the cream screw is turned, the 
thicker will be the cream and the smaller the amount. 
Some of the separators change the proportion of 
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cream by increasing or decreasing the capacity of the 
skimmed milk outlet. If the capacity of the skim- 
med milk outlet be decreased, necessarily the amount 
of the cream will be increased, and vice versa. 

The temperature of the milk only slightly affects 
the proportion of skimmed milk and cream. The 
warmer the milk, the more fiuid it is, and the faster 
it will pass through the various openings of the ma- 
chine. Slightly more milk at 85° will run through 
the same inflow than at 70°, and a large part of 
this increase will be found in the cream. The 
pressure of the milk in 
the vat above the ma- 
chine will materially af- 
fect the rate of inflow, 
and a few inches will 
make a difference of 
two or three hundred 
pounds per hour on a 
large-sized machine. 

Contrivances in the 
bowl to inerease the ef- 
ficiency of separation.— 
In the first separators 
made, the bowl was 
hollow, and the separa- 
tion was caused directly 
by the centrifugal pres- 
sure acting upon the 
milk in a mass. In 


F Fig. 11. Section of separator bowl of 
the later machines, va- the dise or ‘‘ Alpha” type. 
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rious contrivances have been introduced in the bowl 
to aid in the completeness of the separation or to 
inerease the capacity. These contrivances have been 
of two general types: one to break up the wall of 
milk, and so give the particles of milk and cream 
a better chance to pass by one another in their 
passage from the center to the outside of the bowl; 
the other, a series of interruptions to the passage 
of the milk from 
its entrance 
at the center 
to the outside, 
causing it to 
travel a much 
greater dis- 
tance and be 
subjected to the 
centrifugal force 
for a longer 
time. These 
contrivances, 
while adding to 
the complexity 
of the machine, 
have increased 


the capacity 


Fig. 12. Section of separator bowl of ‘'United and the e ffi- 
States’ type. 


ciency of the 

separation. The best known of these contrivances 

are the so-called “Alpha” discs or plates,—a series 

of cup-shaped plates, nearly filling the bowl of the 
Digitized by Microsoft® 


Mechanical Conditions Affecting Separation. 115 


separator. These Alpha plates nearly double the 
separating capacity of the hollow bowl of the same 


| 
| 


Hil 


| | 


Fig. 13. Parts of bowl of ‘' United States’ type. 


diameter, and at the same time the efficiency of sep- 
aration is increased. 

Mechanical conditions which affect separation,—Cer- 
tain peculiarities in the construction or operation of 
the machine often materially influence the efficiency 
of separation. One of the most important of these 
is that the bowl should run steadily and smoothly, 
without any perceptible jar or trembling. The trem- 
bling of the bowl may be caused by lack of per- 
fect balancing in the bowl itself. This can only be 
remedied by the manufacturer, athe bowl may trem- 
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ble, also, because the bearings are not perfectly ad- 
justed ; and, lastly, the bowl may tremble because 
the machine is not set level or upon a solid founda- 
tion. A second cause of inefficient separation is 
variation in the velocity of the bowl. It is quite as 
important that the bowl run uniformly as it is that 
it attain any given rate of velocity. In this re- 
spect the turbine separators are more likely to be 
at fault than those run by belt power, and separa- 
tors tured by hand are more subject to variations 
than those run by power. 

An engine of ample power, with a good gover- 
nor, and the power transmitted through an interme- 
diate rope belt kept perfectly tightened, with well-oiled 
bearings all around, are the best safeguards to uni- 
form speed. 

Efficieney of separation in centrifugal machines,— 
With the centrifugal separator run under perfect con- 
ditions, there is still a slight loss of fat in the 
skimmed milk. This need not be greater than .1 
of 1 per cent. At the present time it is considered 
that where more than .1 of 1 per eent of fat is left 
in skimmed milk, a centrifugal machine is not doing 
perfect work, and numerous trials have shown that 
the machines of the leading forms can be made to 
reach this poit of effieieney, as may be seen from 
the following table,* giving the average of a large 
number of tests made by several agricultural experi- 
ment stations : 

* Cornell University Agricultural Experiment Station, Bulletin No. 105. 
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== 7 Per eent of fat in skimmed milk. 
Name of machine. A SETEES = | 
By series, Of all Minimum. | Maximum. 
7 "| trials. | 
andes es, elle he — Sl el a ae y= 
| 
Aceumulator AQ | 11 01 20 
Alexandra Jumbo vio 2 Be 15 .33 
Columbia 9 =| 13 £05 bd 
Danish Weston 10 =| .08 01 195 
DeLaval . slo 09 01 i 50 
Sharples 27 | 16 05 | 65 
United States . As | .12 01 | .60 
Victoria . wu 16 J .38 


A series of trials made in Germany * 


shows a con- 


siderable variation in the various styles, and, on the 
whole, a rather less efficiency than has been obtained 
in this country, as is seen in the table following: 


| 

Fe ‘ oe pot bist eee saree af fat in Number 
Ni of machine. 3 . separated reo ct BY ds tas 

ame aL oe an lout: mille F. a of trials. 
Alpha B 5,100 Dae gj 223 37 
Alpha Baby 6,900 | 286 72 23 23 
Baby . 6,360 | 129 RS 18 15 
Victoria . ioc 205 99 17 19 
Small Danish 7,241 288 90 28 16 
Large Danish 7,217 411 91 35 16 
Adjustable . 8,640 363 70 10 3 
Arnold’s 8,531 458 90 .28 26 
Medium Brown | 4,037 268 91 37 16 


But while all the forms 
to do perfect work, there 


of separators can be made 
is more or less variation 
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in the work done by the different machines of the 
same style and manufacture. This variation is due 
to slight peculiarities in the construction of the in- 
dividual bowls, and which cannot be detected by 
the ordinary senses, and only appear upon an ex- 
amination of the skimmed milk after actual use. 
These differences are well illustrated in a series of 
trials made in different factories,* and shown in 
detail in the following tables: 


ALEXANDRA JUMBO. 
Rated capacity, 2,000 pounds per hour. 


| j : : j 
Pounds Average Pounds | 
No. of ' Average Range |speed of Range sepa- | Per cent 
Date. | of | milk |temper-|, of | bowl, of rated | of fat in 
fac’ |in whole ature. |temper- revolu- speed. per |skimmed 
tory. rai ature. |tions per hour. milk. 
minute. ‘ 
Aug. 19. 7 3,809 0 66-75 7,200 |7,000-7,400) 1,344 25 
20. 8 > 70 68-72 6,985 |6,800-7,200, 1,170 | 15 
* 90.1 8 s 70 | 68-72 6,585 |6.300-6.900, 1611.20 
ne 21, 9 5,928 75 72-81 6,900 6600-7100) 1,882 20) 
23.) 11 4,052 84 80-86 6,600 6200-7, 400, 1,814 | AB. 
Average). . | - -| wm |. .| 6,854 -| 1,564 ' 23 
DE LAVAL, ALPHA NO. 1. 
Rated capacity, 2,500 pounds per hour. 
July 17. 3 | 2,519 80 78-85 | 5,520 |s,800-6,1001 2,606 08 
Aug. 18. 6 3,629 74 73-76 | 5,806 |5,700-6,000° 2,592 05 
Sep. 16. 1 | 1,187 72 71-78), 5,938 5,800-6,000 2,456 03 
a 20.) 22 4,627 82 80-83 6,071 '5,800-6,200, 2,501 04 
21. 23 6,376 78 77-80 6,044 — |6,000-6,200 500 03 
Oct. a.) St 5,588 82 T8-85 5,844 [5,600-6,000, 2,747 13 
4 25 1,802 86 | 85-90 | 6,280 |6,000-6,400 2.040 03 
Average |: 79 |: | 5.928 |: | 2491 06. 


* Cornell University Agricultural Experiment Station, Bulletin No. 105. 
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DE LAVAL, BABY. 
Rated capacity, No. 2, 350; No. 3, 600 oO pth per hour, 
Pounds Average “Pounds 
a of |Average Kaees Sheed Bf Range | separ- |Per, cent 
Date. | ,° milk in |temper-|, ° owl, of ated [of fat in 
fac- | Whole atuke temper-| revolu- speed. | per skimmed 
tory. run. : ‘| ature. |tions per | hour. milk, 
minute. | ‘ 
Rev. crank 7 
May 31. 1 205 96 —= od <= 362 05 
Sep. 14.} 14 peas — —— 46 — — 06 
18 19 146 83 81-86 46 ———— 303 16 
Average 90 49 333 09 
DE LAVAL, STANDARD. 
Rated capacity, 1,100 pounds per hour. 
Rev. baw], 
Sep. 19, 1 eS 73 791d 7,700-8,200 ; 1,020 25 
- 19, 21 == 73 8,140 7,600-8, 400 930 15 
19. al = 2 8,300 8,000-8,500 | 1,000 16 
I een 
Average 73 8,118 | 983 19 


Rated capacity, Standard, 1,100 pounds ; 


SHARPLES RUSSIAN. 


Imperial, 2,000 pounds 


per hour. 

a nea I 
July 16., 2 ——— | 84 83-87 | 7,775 | 7,700-7,900 | 2,100 40 
July 16., 2 ——— 88 87-88 7,183 | 7,000-7,500 | 2,130 65 
Aug.17. |} 5 1,718 80 78-82 7,800 | 7,700-7,900 | 1,874 10 
Aug. 24.} 12) 4,028 81 80-82 | 7,700 | 7,100-8,300] 1,033 105 
Sept.14.) 13 | 2,509 85 84-86 | 7,433 | 6,800-7,600] 1,158 ag 
Sept.17./ 18 | 3,562 87 82-95 © 7,558 | 7,200-7,900 | 1,752 A 
Oct. 6.) 18! 2,716 90 87-91 | 7,675 | 7,400-7,900} 1,873 238 

a | 
Average | | : | 85 | 7589 1,703 | .31 

UNITED STATES. 
Rated capacity, 2,000 pounds per hour. 

July 18.| 4} ——— 83 82-84 | 7,120 | 7,000-7,200 | 2,220 .18 
Aug. 22.| 10 3.962 | 81 79-91 | 7,025 | 6,800-7,300) 1,964 125 
Sept. 15.) 15 1,870 | 94 90-98 | 7,600 | 7,200-8,000] 1,403 .08 
Sept. 15.) 16 3,850 88 89-100, 6,075 | 5,600-6,600 | 1,650 38 
Sept. 18.| 20 2,902 78 77-80 | 6,586 | 6,400-6,800 | 2,176 60 
Average . | 85 . | 6,881 | 1,883 30 
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These slight differences in individual bowls are 
common to all of the different kinds of machines, so 
far as is known, and this being the case, it is al- 
ways due to the purchaser that he should secure from 
the manufacturer a guarantee that any given ma- 
chine will do work of a certain grade of efficiency. 

Other desirable and undesirable features of a sepa- 
rator.—Other things being equal, that separator is the 
best which will skim clean at the lowest temperature 
and with the least number of revolutions per min- 
ute. Other details of construction being equally 
good, and the capacities being the same, that separator 
will run the easiest whose diameter is least. A ma- 
chine of small diameter not only runs easier, but is 
less easily thrown out of balance. The cream should 
be delivered in a smooth stream of uniform density, 
and the cream outlet should be of such form that 
a heavy cream may pass through it without danger 
of clogging. The bowl should be so constructed that 
all parts may be readily reached with the hand and 
thoroughly and easily cleaned. 
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By the ripening process is meant all the treatment 
which the cream receives from the time that it is sep- 
arated from the milk until it is put into the churn. 
Upon this treatment, and the changes that the cream 
undergoes, very largely depend the quality of the butter 
as regards texture and flavor. The texture of the 
butter is very largely influenced by the changes of tem- 
perature that are brought about during the ripening 
process. It seems to be essential to the production of 
a firm, solid texture in the butter that the cream, at 
some time during the ripening process, should be sub- 
jected to a constant temperature below 50° F. for sev- 
eral hours. When cream has been separated by a 
gravity process, particularly by a “deep setting” one, 
it has already experienced the effects of such a tem- 
perature, and is ready for ripening as soon as re- 
moved from the milk. But when cream is separated 
by a centrifugal separator, the temperature as it comes 
from the separator is rather high, and butter of good 
texture cannot be made unless the cream is cooled 
down and held cool for several hours before ripening 
has far advaneed. The first step, then, in the ripen- 
ing process with separator cream is to reduce its 
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temperature as rapidly and as uniformly as_ possible 
to at least 50° F., and to hold it there for as long 
a time as is convenient, usually six to eight hours. 
Another point which influences the texture of the 
butter depends upon the rapidity with which the vari- 
ous changes of temperature are made, and the ex- 
tremes of temperature that are used. That butter will 
have the best texture which has seen the fewest pos- 
sible changes of temperature between the time the milk 
is drawn from the cow and the time it is churned, 
and in which also all the necessary changes of tem- 
perature Lave been made most gradually. Not only 
will such butter have the best texture at low tem- 
peratures, but it will stand the effects of high tem- 
peratures better. In other words, it “stands up” 
under the heat better than butter that during the pro- 
cess of manufacture has been subject to sudden and 
great changes of temperature, although the final result 
may have been to keep it at a low temperature. 
The effects of ripening are more important and more 
marked upon the flavor of the butter than upon the 
texture. It is during the ripening that the charac- 
teristic flavors of the butter are largely brought out. 
It is not necessary to the manufacture of the butter 
itself that the cream be ripened at all. Butter may 
be made from cream just as soon as it is separated 
from the milk, but it will be of a distinctly different 
quality from that made from ripened cream. By 
ripening in the ordinary sense is meant the produe- 
‘tion of lactic acid in the eream. 

In some attempts to substitute other acids for 
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lactic acid in ripening, Tiemann* found that in cream 
to which a small amount of hydrochloric acid had 
been added there was no difficulty in churning the 
butter, that the general flavor of the butter was 
good, but that it lacked in aroma and had a some- 
what oily texture. 

There is some doubt as to the origin of the 
characteristic flavors which are developed in the cream 
during the ripening process. Thexe flavors are un- 
doubtedly due to the presence of certain volatile sub- 
stances—fats, bacterial products, or ether-hke com- 
pounds—which are formed during the ripening pro- 
cess. It was formerly supposed that the production 
of the characteristic flavors was almost wholly a pro- 
cess of oxidation, and that cream, in order to be prop- 
erly ripened, and to develop the best flavors, must be 
supplied with an abundance of oxygen in pure air 
during the process. Our knowledge of the presence of 
germs in milk and cream and the effect of their 
growth upon the various constituents of the milk, has 
led us to modify these views. At the present time it 
seems probable that the growth of germs which pro- 
duce lactic acid has much to do with the production 
of the characteristic flavors of ripened eream. It has 
been asserted by some, notably Conn, that the produc- 
tion of the flavors is due to the growth of specific 
flavor-producing germs that are largely independent of 
the formation of lactic acid, but this view does not 
seem to explain all of the phenomena of the appear- 


*Milch Zeitung, xxiii p. 701. 


Digitized by Microsoft® 


124 Milk and Its Products. 


ance of such flavors, and it is by no means certain 
that the flavors are not in part produced as the result 
of direct oxidation. It is found in practice that the 
regulation of the production of lactic acid is the 
chief means in controlling the flavor. 


The means of producing lactic acid. —In order that 
the milk or eream should ripen, or become sour, it 
is necessary that germs of lactic acid fermentations 
should gain access to it, and that a temperature favor- 
able to their normal development should be secured. 
The presence of the germs may be left to chance 
inoenlation, or they may be artificially supplied. 
Under ordinary conditions, by the time the cream has 
been separated from the milk, there will have reached 
it a sufficient number of germs of fermentation to 
cause a rapid production of lactic acid, though the 
number will vary from day to day and from time to 
time, and a certain amount of acid cannot be de- 
pended upon within any given specified time. The 
inoculation is more certain, and the desired degree 
of acidity will be more surely reached, at the end 
of a given time, if the germs are added in suffi- 
cient quantity artificially. The souree of the inocu- 
lation may be buttermilk or cream from preceding 
churnings, or it may be in the form of an artificially 
prepared “starter” of sour skimmed milk, or it may 
be in the form of any of the so-called commercial 
lactic ferments. It is desirable that none but the 
proper germs should find access to -the milk, and 
in relying upon natural means there is always more 
or less danger that putrefactive and other undesirable 
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ferments may gain avvess to the cream. As between 
the various forms of artificial starter, there is not 
much to be said. It is generally held that a starter 
made from skimmed milk is less likely to contain 
germs other than those desired than when cream, 
whole milk, or even buttermilk are used. 

With regard to the use of the various commer- 
cial bacterial ferments, there is considerable diversity 
of opinion. Their use was first recommended several 
years ago in Denmark, as a result of the researches 
of Storch, and has grown rapidly, both in Denmark 
and Germany, until at the present time a large part 
of the butter produced in the former country is made 
from cream first) pasteurized, and then ripened with 
the aid of an artificial bacteria culture. The use 
of such ferments has only slightly extended to this 
country, chiefly through the medium of Hansen’s 
lactic ferment. 

In this country Conn has been the chief investi- 
gator of similar organisms. From 1890 to 1893* he 
isolated several organisms, the culture of which in 
cream impreved the flavor of the resulting butter 
to a greater or less extent. In the latter year he 
discovered in a can of milk sent from Uruguay to 
the World’s Columbian Exposition at Chicago, a 
germ so much better in this respect that it alone 
has since been used, and eultures of it placed upon 
the market under the name of B. 41 (Bacillus No. 41). 

A series of investigations by Farrington and Rus- 


*Storrs Agricultural Experiment Station, Reports 1890-93. 
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sell,* in which a large number of samples of butter 
were made from cream ripened by the use of B. 41, 
and in the ordinary way, or “normally,” and sub- 
mitted to the judgment of several experts who were 
ignorant of the process of manufacture, led to the 
conclusion that the “Conn culture, B. 41, did not 
improve the flavor of the separator butter ripened 
for one day at a high temperature, or of that ripened 
for a longer time at a lower temperature; on the 
contrary, the score of the fresh B. 41 butter by 
the different judges was, in the majority of cases, 
materially lower than that of normal butter. * * * 
With separator butter in cold storage, that made with 
B. 41 deteriorated less than did the normal butter. 
When taken from storage there was but little differ- 
ence in flavor between these two butters, although 
the normal butter when fresh scored higher.” 

The difference in the flavor of the two kinds of 
butter when fresh, as indicated by the different 
judges, is shown in the table: 


General 
Gurler. | Barber.} Moore. | average 
| seores. 


Number of butter packages 


| 

scored... 4 | i 2 
Average score of normal but- } 

TOP. ek we me x Binks 44.40 | 45.3 45.1 45.3 
Average score of B. 41 butter.| 43.7 44 43 43.9 
Difference in favor of normal | 

butter ae 7) 138 Set” | th 


*Wisconsin Agricultural Experiment Station, Bulletin 48. 
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On the other hand, a considerable number of fac- 
tories in this country have secured an increased flavor 
and quality in them product from ripening their 
eream with the aid of either Hansen’s ferment or B. 41. 

The present status of the whole matter seems 
to be that the various commercial artificial ferments 
are now prepared in such form that they are readily 
transported, they retain their vitality for a consider- 
able length of time, and are practically free from 
any undesirable germs. Their use in careful hands 
is likely to be followed with uniformly good results. 
Still, where all of the surroundings are cleanly and 
the atmosphere pure, the use of such artificial germs is 
not necessary to produce butter of the highest quality. 

Temperature of ripening.—The various germs of 
lactic fermentations find their optimum growth point 
at from 80° to 90° F., and milk or cream kept at those 
temperatures will most rapidly become sour. The 
effect of such high temperatures, while favorable to 
the production of lactic acid, is less favorable to 
the texture of the butter, and on this account it is 
desirable to ripen the cream at as low a tempera- 
ture as will insure a fairly rapid growth of the lactic 
germs. <A temperature of from 60° to 70° F. will 
ordinarily bring this about. The amount of acid de- 
veloped in any given length of time will depend not 
only upon the temperature at which the cream has 
been kept, but also upon the number and activity of 
the germs originally present, so that if we have a 
thorough inoeulation to start with, a lower temper- 
ature will be sufficient to cause the development of 
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the requisite amount of acid; but if only a slight 
inoculation is present, a higher temperature will be 
necessary. Ordinarily, there will be more germs 
present in the atmosphere during the warm months 
than in the winter, consequently a lower temperature 
will bring about the same degree of acidity in a 
shorter time in summer than in winter. 

The amount of acid necessary.—The amount. of 
acid that it ix desirable to have in the cream at 
the time of churning depends, of course, largely upon 
the fievors desired by the consumer. It is important 
that whatever amount is desired should Je uniform 
from day to day. By far the larger proportion of 
consumers prefer the flavors that are characteristic of 
ripening till sufficient acid to slightly coagulate the 
casein is present. Consumers of delicate taste 
readily distinguish between the flavors due to a 
greater or less amount of avid, and it is highly de- 
sirable that some means of determining the amount 
of avid present be available. The butter-maker of 
trained senses has little difficulty in distinguishing by 
the somewhat thickened and glistening appearance of 
his cream, when stirred, the proper condition of the 
cream for churning. Besides this, there are, fortunately, 
move exact means for determining the acidity. 

Acid tests.—Dr. A. G. Manus first suggested the 
use of an alkali of known streneth to determine the 
proper acidity of cream for churning, and devised 
what is known as Manns’ acid test. It simply con- 
sisted in neutralizing the acid in the eream with a 


standard alkali, the standard used being that known 
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to chemists as decinormal, or so, and the acidity was 
reckoned in terms of cubic centimeters of alkali re- 
quired to neutralize the acid in a given quantity of 
eream. In the use of this test, an indicator which 
changes color according as the medium is acid or 
alkaline, is used. A convenient indicator is phenol- 
phthalein, which is colorless in acid solutions and 
pinkish in alkaline. Later, Professor Farrington * 
devised tablets containing a known amount of alkali 
for the same purpose, known as Farrington’s alkaline 
tablets. Each tablet contains an amount of alkali 
equal to 3.8 eubic centimeters of decinormal alkali, 
and a sufficient amount of phenolphthalein indicator. 
The cream to be tested is measured, and to it is 
added a solution of the tablets (one tablet in ten 
eubie centimeters of water) until the cream retains a 
pinkish tinge. The tablet solution should always 
be fresh, not mure than ten hours old. The tab- 
lets themselves will keep indefinitely. The proper 
degree of acidity is indictated when 30-38) ¢ «. of 
Farrington tablet solution, or 11-13 ©. ¢. of devi- 
normal alkali, are required to neutralize the acid in 
20 cubic centimeters of cream. 

Determination of lactic acid in milk or crean,.—Far- 
rington’s alkaline tablets may also be conveniently 
used to determine the percentage of lactic acid in any 
given sample of milk or cream. In order to do this, 
it is only necessary to understand that equal volumes 
of normal or decinormal acids and alkalies neutral- 


* Bull. 32, Ill. Agr. Exp. Sta. Bull. 52, Wis. Agr. Exp. Sta. 
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grams (sp. er. milk, 1.032), therefore the per- 
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each other; and, further, that a normal solu- 
tion of lactic acid contains 90 grams of acid in 
each liter, or 1,000 c.¢. A decinormal solu- 
tion would contain 1-10th as much, or 9 grams 
in each liter, and a cubie centimeter would con- 
tain sth as much as a liter, or .009 grams 
of lactic acid. Each tablet of the Farrington 
alkali is equal in strength to 3.8 ¢.¢. of de- 
cinormal alkali, and if the tablet solution is 
made by dissolving 10 tablets in 100 c. ¢. of 
water, each cubie centimeter of the solution will 
be equal to .388 ¢. ¢. of decinormal alkali, and 
will, therefore, neutralize .388 of .009 grams, or 
.0034 grams, of lactic acid. 

To determine the percentage of acid in any 
given sample of milk or cream, a_ certain 
amount, as 20 v.c., of the sample to be tested 
is measured out, and the tablet solution is ad- 
ded from a burette or graduated cylin- 
der till the milk retains a pinkish tinge. 
If this occurs when 1 ¢. ¢. of the tablet 
solution has been added, the 20 e. e. 
“of milk contain .0034 grams of lactic 
“acid; but 20 e.c¢. of milk weigh 20.64 


age of lactic acid is .0034-'-20.64=.00017, 
O17 per cent. If more than 1 ¢. ©. of 
tablet solution is required to neutralize 
acid, or if more or less than 20 «¢. @. 


, : 2 Fig. 15. 
of milk or cream are taken, the pereentage ‘Gradua. 


ted glass 
the 3 


avid will be found by multiplying cylinder. 
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number of cubic centimeters of tablet solution re- 
quired by .00384 and dividing by the number of 
grams of milk taken (grams of milk =c. «. X 1.032). 

Further effects of ripening.—Besides affecting the 
flavor, it is believed that ripening’ aids in the ease of 
churning, in the completeness of churning, and in 
improving the keeping quality of the resulting butter. 
It was formerly supposed that sweet cream could not 
be churned into butter, and in fact with but a moder- 
ate percentage of fat (15 to 20 per cent) it does 
ehurn with much more difficulty than the same ecicam 
after it has been ripened; but since the introduction 
of the separator, and the consequent production of 
a much heavier cream, it has been found that sweet 
cream can be churned into butter quite as readily 
as ripened cream. In cream containing but a 
moderate amount of fat, it is necessary to reduce the 
temperature from six to eight degrees, in order to 
churn it sweet. The difference in the keeping 
quality of ripened and sweet cream butter is like- 
wise not so great as it was formerly supposed to be. 
In fact, sweet cream butter, if properly made and 
kept, will in a short time very closely approach the 
qualities of ripened cream butter. 

Effects of churning cream of different degrees of 
ripeness.—If parcels of cream of different degrees 
of ripeness are mixed together and then churned, it 
will be found that the different creams will churn 
differently. One will produce butter in a _ shorter 
time than another, or with less agitation. The con- 
sequence is that pwkeuw pythisosonecurs the churn is 
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stopped before the churning is completed, and much 
fat is lost in the buttermilk. It is a matter of 
considerable practical importance, so far as loss of 
fat is concerned, and to some extent also upon the 
flavor of the butter, that all of the cream churned 
at one time should be ripened together, evenly and 
uniformly. If creams of different ages are to be 
churned together they should be mixed together at 
least twelve hours before churning, so that the con- 
dition of acidity shall be the same throughout the 
whole mass. 

Bad effects of over-ripening.—When too much lactic 
acid is developed in the cream the casein is firmly 
coagulated, and in the process of churning is broken 
up into minute granules, which become ineorpo- 
rated into the butter in the form of white specks or 
flakes of casein. Such white specks, besides injur- 
ing the appearance of the butter, greatly detract 
from its keeping qualities, as the putrefactive fer- 
mentations soon set up in them and give rise to 


disagreeable flavors. Danger from this source is 
Hable to be present if the coagulation of the cream 
has gone so far that any whey has separated. The 


eream should in all cases be churned before the ripen- 
ing process has reached this pomt. It was formerly 
supposed, and is still generally believed, that the pro- 
duction of an excess of lactic acid in ripening tends 
to a loss of butter, from the fact that the aeid 
dissolved or “eut” the fat, causing it to disappear. 
This has been shown, both theoretically and practi- 
eally, not to be the case. Lactic acid has no appre- 
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ciable effect upon fat, so far as dissolving or decom- 
posing it is concerned, and cream may be held until 
the whey has separated to the full extent without 
any loss in the amount of butter that it is possible 
to churn from it. The chief evil effect in over- 
ripening is in the production of strong and undesir- 
able flavors accompanying the undue production of 
lactic acid. 


Digitized by Microsoft® 


CHAPTER VIII. 
CHURNING. 


THE process of causing the particles of butter fat 
to unite into masses, so that they may readily be 
separated from the milk serum, is called churning. 
Such union of the partieles of fat is ordinarily 
brought about by agitation of the cream in a suit- 
able vessel, called a churn. If milk or cream be 
agitated at a temperature somewhat below the melt- 
ing point of butter fat, the particles of fat, as they 
pass by one another, agelutinate themselves into 
masses, and, the process beng continued, the first 
formed massex continue uniting, until finally the 
whole body of fat may be brought together in a prac- 
tically solid mass. The conditions influencing the 
separation of fat in this way are, first, the viseosity 
of the milk; second, the ripeness of the e¢ream ; 
third, the nature of the agitation; fourth, the qual- 
ity of the globules of fat. 

The viscosity of the milk. —The viseosity of the 
milk affects the churning, in that it tends to keep 
the particles of fat from moving freely upon one 
another, and in that the viscous portions of the 
milk, notably some of the albuminous matter, form a 


more or less dense layer about the fat globules, 
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tending to keep them apart. The more viscous the 
milk, then, the greater the difficulty with which it 
will churn. 

The vipeness of the cream.—The ripeness of the 
eream affects the churning, largely because of its 
effect upon the viscosity of the milk. The produe- 
tion of lactic acid in milk always has the tendency 
to render it less viscous, and sour milk or cream, 
therefore, will churn more readily than sweet for 


this reason. The viscosity of the milk must be 
distinguished from the thickness of the milk, due 
to the coagulation of the casem. Souring of the 


milk renders it less viscous, but at the same time 
by coagulating the casein renders it thicker and 
less fluid. 

The temperature.—The temperature is the most im- 
portant condition affecting churning. Whether the 
particles of fat shall unite as they pass by one 
another when the hquid is im motion, depends very 
largely upon then temperature and degree of plas- 
ticity. If the temperature ix too low, the globules 
of fat are so hard that when they hit one another 
they do not stick together. If, on the other hand, 
the temperature is too high, the effect of agita- 
ting the globules of fat is, instead of causing them 
to unite, to break them up into still smaller glob- 
ules, and so render the emulsion more permanent. 
The range of temperature through which the parti- 
eles of fat may be made to unite is considerable. 
The extreme limits may be placed at from 46° to 


80° F, But while butter may be churned from 
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milk or cream through this wide range of tempera- 
ture, the quality of the butter is very seriously af- 
fected. The butter is in the best condition when it 
is churned at such a temperature that the particles 
of fat unite readily, and when united form firm 
masses or granules of butter. The temperature at 
which this desirable end is brought about varies 
under a wide range of conditions, the most impor- 
tant of which are the following: The individuality of 
the animal; the period of lactation; the nature of 
the food of the cows; the season of the year. 
These conditions are all conditions which affect the 
melting point of the butter fat. The higher the 
melting point of the fat, the higher the tempera- 
ture at which the milk should be churned, and the 
lower the melting point of the fat, the lower the 
ehurning temperature. Any condition which tends 
to make the butter fat hard will necessarily be fol- 
lowed by a rise in the churning temperature, and 
any condition which tends to make the butter fat 
soft will for the same reason he followed by a 
fall in the churning temperature. It is impossible, 
then, to name any single temperature which is the 
best or even the proper one at which to churn; 
but while there is a considerable range of tempera- 
ture, which under different conditions may give the 
best results, still this range is not so wide as the 
range of temperature at which it is possible to 
ehurn, and the limits may perhaps be placed at from 
50° to 66° F. In general, the lowest temperature 
compatible with securing butter in a reasonable 
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length of time will give butter of the best quality. 
The lower the temperature at which the butter is 
churned, other things being equal, the more com- 
pletely will the butter be removed from the butter- 
milk, the longer will be the time required for churn- 
ing, and the less casein will be found in the butter. 

The nature of the agitation. —It is generally be- 
lieved that the best results follow from agitating 
the cream in such a way that the particles of fat 
are subject to more or less concussion, though it 
is not at all necessary that this coneussion should 
take place. Mere gentle stirring of the cream, if 
continued long enough, will bring butter, and agi- 
tating the cream by passing bubbles of air through 
it will also cause it to churn. Many churns have 
been devised which bring about the churning by 
agitating the cream with floats or paddles, and in 
the old-fashioned dash churn there was a minimum 
amount of concussion, the motion being largely that 
of stirring. Where the agitation is brought about 
by the use of paddles or stirring instruments, the 
texture of the butter is usually injured, because of 
the effect of the stirring motion upon the grain of 
the first particles of butter formed. The best churns, 
then, are entirely hollow vessels, barrel or box, 
which bring about agitation of the cream through 
coneussion of the particles upon the sides of the 
rotating churn. The churning depends, also, upon 
the rate of agitation; the faster the motion to 
which the particles of cream are subjected, the 
quicker will be the churning. In this respect the 
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motion of the particles and the motion of the churn 
must not be confounded. If the motion of the churn 
is increased so that sufficient centrifugal force is gen- 
erated to cause the particles of cream to partake of 


Fig. 16. Barrel power churn. 


the motion of the churn, then, though the particles 
may pass through space at a greater rate of speed, 
the motion of the particles upon each other will be 
lessened. «A maximum motion of the particles upon 
each other is obtained when the speed of the ehurn 
stops just short of setting up centrifugal force in 
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the churn. This will be found to correspond to a 
motion of the particles of cream of about 700 feet per 
minute. 

The quality of the globules of fat.—The quality of 
the globules of fat, both as to their size and char- 


Fig. 17. Square box power churn. 


acter, bears an important part in the phenomena 
of churning. So far as the hardness or softness of 
the fats are concerned, this has already been treated 
of under the effect of temperature; but temperature 
is not the only influence which causes variation in 
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the hardness or softness of the fat. The relative 
proportions of hard and soft fats vary considerably. 
When the soft fats 
predominate, the 
churning is easier 
than when they are 
in less proportion. 
The size of the fat 
globules also bears 
~ an important part in 

the ease and time 


Fig. 18. ‘Fargo’? combined churn and 
yutien worker, required for churn- 


ing. In passing through a mass of lquid two large 
globules are more likely to hit each other than are 
two small ones, the relative probability of their meet- 
ing and hitting being in proportion to the square of 
their diameters. 


The end of churning.—When the particles of fat 
have united to such an extent that they begin to be 
visible in the cream, the butter is said to “break,” 
and from this time on the process of churning is rap- 
idly finished. Two things are to be observed in bring- 
ing the operation of churning to a close. In the 
first place, the churning should be continued until 
the separation of fat is as complete as possible. 
In the second place, the larger the masses of Dbut- 
ter in the churming the more difficult is the re- 
moval of the buttermilk. If the cream is thor- 
oughly and uniformly ripened, the separation will be 
more uniform and the churning more complete 
than when creams of different degrees of ripeness 
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are churned together; but under various conditions, 
and from time to time, the completeness of separation 
varies with the size of the granules of butter; that 
is to say, if the granules have reached a certain size, 
it does not always follow that the fat has been re- 
moved from the buttermilk to the same degree, so 
that the size of the granules of butter is not a certain 
indication of the completeness of churning. When the 
churning process 1s complete, the buttermilk takes on 
a thin, bluish, watery appearance, quite distinct from 
the thicker vreamy appearance of the unchurned cream, 
and the churning should be continued until this con- 
dition of the buttermilk is reached, even though the 
granules are increased in size beyond the point favor- 
able to their best separation from the buttermilk. 
The higher the temperature at which the cream is 
chuzned, the greater the percentage of fat left in 
the buttermilk and the more casein will be incorpo- 
rated with the butter. 

Difficult churning.—Conditions often arise under 
which it is very difficult or impossible to cause the 
butter to unite in granules and separate from the but- 
termilk. One of the chief difficulties accompanies 
a small and hard condition of the butter granules 
with a high viscosity in the cream. These con- 
ditions usually occur in the late fall and early win- 
ter months, when the cows are far advanced in _lac- 
tation, and when they are often fed on dry food 
of a character to make hard butter fat. An im- 
proper ripening of the cream often accompanies 
these conditions, so that complaints of difficulty in 
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churning are usually numerous at this period of 
the year. These complaints readily yield to the 
proper treatment, which is indicated under the con- 
ditions affecting cuurning, and so far as is known 
there never occurs a condition under which it is 
absoluicly impossible to churn the butter from any 
given sample of cream. The course to be followed in 
eases of this nature is, first, to add to the food of 
the cows something of a succulent nature, that will 
cause the secretion of milk to be greater in amount 
and not so viscous. Second, to further lessen the 
viscosity by bringing about a vigorous lactic acid 
fermentation in the milk, and in extreme instances, 
perhaps, diluting the cream with warm water or 
weak brine. Care must be taken that this dilution 
does not go too far, or diffieulty in churning from 
the thinness of the cream will result. The produe- 
tion of lactic acid in good amounts and within a 
reasonable time seems to be an important means of 
overcoming these cases of difficult churning. It is 
not unlikely that some of the lower fermentations, 
which take place at temperatures below which the 
lactic acid germs are active, may in themselves have 
a retarding effect upon the churning. These cases 
of difficult churning are frequently accompanied by 
the production of an acrid or bitter putrefactive 
fermentation product in the cream. 

If the attempt is made to churn at an extremely 
low temperature, the agitation of the cream serves 
to incorporate with it bubbles of air, and the 
cream froths or swells, When this takes place, 
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little can be done except to allow the cream to 
stand for several hours and then warm it up 
gradually four or five degrees before again starting 
the churn. There is very much less danger of swel- 
ling in the revolving churns than in dash churns. 

Frequently also, in cases when the attempt is 
made to churn at the extreme lowest point possible, 
the formation ef butter stops just short of the 
breaking point, and further agitation does not result 
in an inerease of butter. This may be overcome by 
slightly raising the temperature, or by the addition 
of a little water at a temperature of 85° or 90° F.; 
or, what is better, it can usually be brought about 
by the addition of a little dry salt to the churn. 
The solution of salt in the water of the cream 
seems to affect the viscosity in such a way that 
the formation of butter granules is greatly facilitated. 

When ripened cream is churned, there is usually 
an evolution of gas immediately after the agitation 
commences. This is gas which has been formed by 
some of the fermentations going on in the cream, and 
the gas is lberated within the first five or ten min- 
utes. The temperature also rises two or three degrees 
during the operation, from the effect of the friction 
of the particles upon one another. 
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WHEN the churning process is complete, it still 
remains to separate the buttermilk from the granules 
of butter, and to bring the whole into a solid, uni- 
form mass, suitable for consumption and_ properly 
flavored with salt. These operations may be per- 
formed in a yariety of ways. Formerly it was the 
eustom to continue the churning until the butter 
was in a measurably solid mass, when it was  re- 
moved from the churn and the buttermilk expelled 
by pressure, at the same time that the salt was 
incorporated with the butter. Now the buttermilk 
is uniformly removed from the butter by washing 
with water in the churn, and in many _ instances 
the salt is imeorporated with it during the whole 
or part of this operation; but the more common 
practice is to wash the butter in the churn and to 
work out the surplus moisture and incorporate the 
salt upon a separate instrument, called a butter 
worker. 

Washing the butter.—The churning should be 
stopped as soon as the buttermilk is clear and wa- 
tery. If the churning has been done at the right 
temperature and the cream properly ripened, this con- 
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dition will occur when the butter granules are not 
larger than kernels of wheat. As soon as the churn 
is stopped, the addition of a little cold water to the 
contents of the churn will facilitate the rising of 
the smaller globules of butter through the butter- 
milk. The buttermilk should then be drawn off 
from the bottom of the churn, and the butter al- 
lowed to drain thoroughly. After the butter is thor- 
oughly drained, water at a temperature of 45° to 
55° F. should be added in amounts equal to two- 
thirds the amount of buttermilk withdrawn. The 
contents of the churn should then be gently agitated, 
so that the water may come in coutact with each par- 
ticle of butter, but not to such an extent that the 
particles will compact themselves into larger masses. 
In about ten or fifteen minutes, this water should be 
withdrawn and the butter allowed to drain as before, 
after which the butter should be washed the second 
time in the same manner. This second water should 
run away clear, or with a very slight milkiness. 
If it is at all milky, the butter should be washed 
again, and the washing continued until the water does 
run away clear. It is desirable that as little wash- 
ing be done as possible, and if care is taken in 
stopping the churning at the right moment, and in 
draining and washing the butter, two waters will be 
sufficient. The addition of a small amount of salt 
to the first washing water will facilitate the removal 
of the buttermilk, but will not add any perceptible 
saltiness to the butter. The way in which the wash- 
ing is done perceptibly affects the quality of the 
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finished butter, particularly so far as regards its tex- 
ture and percentage of water. The smaller the 
granules of butter when the churn is stopped, and 
the colder the water used, the more water will re- 
main in the butter without appearing in the form 
of drops. If the churning has progressed until the 
butter has formed masses the size of a hickory nut 
or larger, particularly if the butter is soft, it will 
be impossible to completely wash the buttermilk from 
the butter, and the buttermilk must necessarily be 
removed in working. Such butter will always re- 
tain in its flavor traces of the buttermilk so incor- 
porated with it. 

The texture of the butter is also affected by the 
temperature of the wash water. If the butter comes 
soft, the attempt is usually made to cool it down 
rapidly by the addition of large amounts of very cold 
water. The butter can be hardened up in this way, 
but it will show the effect of sudden changes of 
temperature afterward much more strongly than if it 
were cooled down more slowly. Butter fat does 
not conduct heat rapidly, and to become thoroughly 
warm or thoroughly cool requires some little time. 
If, then, butter has been churned too warm, and 
comes in a soft condition, the washing process should 
be much prolonged. Use the ordinary amount of 
water and at the ordinary temperature, but allow the 
butter to remain in it until it has had sufficient time 
to thoroughly adjust itself to the changed condition. 
It can then be taken out and worked without dan- 
ger of quickly becoming soft again. There is also 
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danger of removing some of the more delicate flavor- 
ing ous of the butter by the use of too large an 
amount of very cold water. These flavoring oils are 


Fig. 19. ‘‘ Eureka’? hand butter-worker. 


shghtly soluble, and more soluble at a low tempera- 
ture, so that the drenching with large amounts of 
very cold water has a tendency toward the produe- 
tion of a flavorless or tallowy butter. 
Working.—Working butter is an integral part of 
the process of manufacture, only im so far as it re- 
lates to the incorporation of the salt and bringing 
the butter into the compact form necessary for con- 
sumption, so that all working beyond that which 
is necessary to bring about these two things is super- 
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fluous, and, because of the danger of injuring the 
grain of the butter, is objectionable. The grain 
of the butter is least affected by working when this 
is done hy pressure and at a temperature of from 
45° to 55° F. The amount of water that remains 


Fig. 20. “‘ Mason”’ table butter-worker. 


in the butter depends, as )efore stated, upon the 
temperature and fineness of the granules. The finer 
and colder the butter, the more water will it retain. 

Salting. — Salt is added to butter solely for the 
sake of the flavor which it imparts. While salt has 
undoubted antiseptic properties, these play very little 
part in the preservation of butter, and need not be 
taken into consideration. The amount of salt, then, 
that should be added to butter depends entirely 
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upon the taste of the consumer for whom it is in- 
_tended, and may vary from a mere trifle to as 
much as 2°% ounces for each pound of — butter. 
The great majority of consumers, however, prefer 
an amount ranging between 34 of an ounce and 1 
ounce to the pound. The addition of a uniform 


Fig. 21. ‘‘ Centrifugal” or verticul butter-worker. 


amount of salt from day to day is a matter of 
considerable importance in securing a uniform qual- 
ity of butter, and the amount of salt should, there- 
fore, be based upon the least variable factor possi- 
ble. It will be found that from day to day the 


size of the granules of butter when washed, and the 
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amount of water adhering to them, will vary consid- 
erably, so that the weight of washed and drained but- 
ter will not bear any definite relation to the amount 
of finished butter, and if the attempt ix made to gauge 
the salt by the weight of drained butter, it will be 
found that the degree of saltness will vary considera- 
bly, because when more water is contained in the 
butter much more of the salt will pass out with 
the brine. When a separator is used in creaming, 
the weight of cream will be found to bear a closer 
proportion to the weight of finished butter than 
either the original weight of the whole milk or the 
weight of the washed and drained butter, and the 
more uniform salting will be obtained if the salt 
is added in the ratio of a certain percentage of 
the weight of the cream. The salt should be added 
so that it can be readily and uniformly incorporated 
with the whole amount of butter. This is con- 
veniently done while the water is being expressed 
from the butter in the worker, and the working 
should continue until the salt’ has completely  dis- 
solved, because the salt has a deepening effect upon 
the color of the butter, and if some undissolved 
portions remain, these, afterwards dissolving in’ the 
water contained in the butter, will make a_ strong 
brine at that particular point, and consequently a 
deeper color, and mottled or streaked butter is the 
result. 

The salt should be dry, of uniform grain, and 
should readily and completely dissolye to a elear 
solution. Those brands of salt which are made from 
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the natural crystal give the best results so far as re- 
maining dry and freedom from caking are concerned. 

Brine salting. —With many who prefer a_ butter 
slightly salted, it is sometimes convenient to add 
the salt through the medinm of brine, rather than 
to mix it with the butter in a dry condition. The 
advantages of brine salting are that a light amount 
of salt may be uniformly incorporated with the 
butter. It is not possible to incorporate with the 
butter a large amount of salt in this way. Where 
well-drained butter is salted at the rate of one 
ounce to the pound, there will remain in the but- 
ter about 3 per cent of salt. Where butter is 
washed twice with a saturated brine, there will re- 
main in the butter when worked about 2 per cent 
of salt. In salting butter in this manner, it is nec- 
essary that the brine should be prepared  before- 
hand. This is best done by dissolving the salt in 
warm water, as much as the water will hold, and 
then cooling it to the proper temperature to add to 
the butter. The brine in this instance may take the 
place of the second wash water. After the brine 
has remained upon the butter five or ten minutes, 
it should be withdrawn and additional salt added to 
it, or a second portion of saturated brine added and 
left upon the butter for a similar length of time, 
after which the brine may be withdrawm and the 
butter worked in the ordinary manner. 

Packing and marketing.—After the butter has 
been worked until the salt is completely dissolved 
and a sufficient amount of water removed, it is 
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ready for packing. Butter that is to be packed 
and held for any considerable length of time should 
be worked drier than when it is intended for im- 
mediate consumption. Fresh butter is most highly 
esteemed in most markets when it contains about all 
the water that it will hold, but if such butter is 
held for any length of time the evaporation of water 
from the surface will lead to a deposition of salt, 
which detracts much from its appearance and _ sala- 
bleness. An ideal package for butter is one that is 
light, strong and tight. None of the packages 
in ordinary use are perfect in all of these respects. 
Wooden packages, though light and strong, always 
leak more or less and let in air. Tin packages 
are more or less objectionable beeause of the action 
of the salt upon the tin, and iron, and glass, and 
crockery packages, although tight and clean, are 
heavy and subject to breakage. Packages made of 
paper or wood pulp have been used to some extent, as 
have also packages of these materials covered with 
paraffine, but they do not make a very attractive 
package. All things considered, tight, smooth, well- 
made tubs of ash, spruce or oak make the most 
available package. All wooden packages possess the 
characteristic flavor of the wood, which may be im- 
parted to the butter to a greater or less extent if 
it is allowed to remain in them very long. In 
order to obviate this, the odor of the wood should be 
removed as much as possible before the butter is 
packed. The package should be thoroughly steamed, 
and then filled with hot water in which some salt 
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has been dissolved, and allowed to stand at least 
twenty-four hours, after which it should be scalded 
a second time and then cooled with cold water. 
Butter may also be packed in prints or moulds, 
especially for immediate consumption. The demand 
for butter in this form is increasing, and for nearby 
markets it is one of the most desirable forms of 
packing. In cool weather and with proper precau- 
tions, prints may also be shipped considerable dis- 
tances with success. Prints are usually made in 
pound and half-pound sizes, intended to go directly 
upon the table in the shape in which they leave 
the manufacturer. Various shapes and sizes of prints 
have been made, but since the great increase in the 
demand for butter in this shape, a standard size for 
pound prints has been settled upon that makes a 
rectangular print, 4° x 2% x 2% inches. These 
prints are wrapped in parchment paper and packed 
in specially made carrying boxes. 

Composition and quality of butter.—The average 
composition of butter is about as follows: 


Fat . é 4 85 per cent. 
Casein . 1 per cent. 
Salt. . . 3 per cent. 
Water . 11 per cent. 


The percentage of fat should not fall below 80 per 
cent nor the water rise above 15 per cent. The per- 
centage of casein should not exceed 4 per cent. The 
percentage of fat in butter of good quality often rises 
to 86 or 88 per cent. The quality of butter is 


judged upon its flavor, texture, color, amount of salt, 
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and its general style and appearance. Butter of good 
flavor should have the characteristic flavors well pro- 
nounced. It should be free from any rancidity, and 
clean and pure so far as any extraneous flavor is con- 
cerned. The determination of the flavor of any sam- 
ple of butter is entirely one of individual judgment. 
To some a high flavor is one in which the flavoring 
oils are developed almost to the verge of rancidity; 
in others, high flavor means a certain amount of the 
flavor of sour milk or buttermilk; with still others, 
that butter ix esteemed of the best flavor that is 
cleanest and purest. The true bouquet of high-class 
butter is a mild, distinct, volatile flavor or combina- 
tion of flavors extremely difficult to deseribe, and only 
met with in perfection under the best conditions. 
The texture of butter depends upon the state of 
the granular condition of the fats. When the butter 
is first formed in the churn it makes its appearance 
in the shape of minute irregular granules. In the sub- 
sequent process of manufacture these granules never 
completely lose their individuality, and constitute the 
so-called grain of the butter. The more distinctly 
the individuality of the granules is marked in the 
mass of butter, the letter the texture. The texture 
of the butter is shown hy an appearance lke broken 
east iron when a iass of butter is broken in two 
transversely, and when a metal is passed through the 
butter, as a knife or trier, if the butter be of the 
best texture, no particles of fat adhere to it. The 
texture of the butter is deteriorated if the particles 
of butter are churned in too large masses, and if 
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in the process of working the individual particles 
are made to move upon one another at too high a 
temperature. The mere warming of the butter to a 
point approaching the melting point destroys the 
grain upon subsequent cooling, even though the mass 
of butter may have been undisturbed. 

The color of the butter should be a clear, bright, 
golden yellow, such as is naturally yielded by the 
cow when feeding upon fresh pasture grasses. The 
natural color of the butter is affected very largely by 
the race of the cow, by the character of the food, 
and by the period of lactation. Searvely any breed 
of cows will yield a butter of ideal color upon dry 
food late in their period of lactation. On the other 
hand, one or two races upon fresh pasture will 
yield a butter of too high a color to suit the most 


eritical trade. The great mass of butter made is 
artificially colored. For this purpose a large va- 


riety of substances has been uxed, but practically 
the only coloring matter now employed is a prepara- 
tion of annatto (a coloring matter in the seed pulp 
of Bixa orellana) in some neutral oil. This coloring 
matter is prepared of such strength that only mi- 
nute quantities are necessary to he added to the 
cream to produce butter of the proper shade. Butter 
artificially colored should be uniform, of a bright 
golden vellow color, free from any reddish tinge. 
The demand of different markets varies considerably 
in regard to the shade of color desired. 

In regard to salt, the quality of the butter is 
not necessarily affected by the amount of salt, that 
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being established by the demand of the trade for 
which it is intended, but the salt, in whatever de- 
gree added, should be completely dissolved, and 
should be uniform throughout the whole mass of 
butter. The finish of the butter, in whatever form 
packed, should be such that it will present a neat, 
clean, attractive appearance. The different qualities 
of butter are ranked in importance in accordance 
with the following scales. 


Flavor eRe erates . - 40 to 45, 
Texture 4 MC Caan +  .25 to 30. 
Color bY ek e ee W0'tO 153 
Salt ei wie OS « +10 
BAMISH (cs: ag Sab Sele ae ee AS eas 5 
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CHAPTER NX. 
MILK FOR CHEESE MAKING. 


CHEESE is a product manufactured from milk, into 
which a large part of the solids are gathered together 
in such form that their nourishing qualities are re- 
tained, at the same time that they are brought into 
a condition capable of preservation and convenient 
for transportation. The solids which are concerned 
in the manufacture of cheese are the casein, the fats, 
and a considerable portion of the ash. The albumin, 
nearly all of the sugar, about one-third of the ash, 
and a small part of the fat, excape during the course 
of manufacture. The elimination of a large part of 
the water is the chief step in the process of cheese 
making. In general terms, cheese consists of about 
equal proportions of water, fat and casein, with a 
certain amount of salt and minute quantities of milk 
sugar and ash. In milk, the casein exists in a state 
of minute suspension or semi-solution. The essential 
step in securing the separation of the water is in 
rendering the casein insoluble. Casein, like most 
albuminous organic substances, exists in two forms, 
known respectively as the soluble and the insoluble 
or coagulated form, and the change from solution to 
insolubility is termed coagulation. In the case of 
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casein, coagulation may be brought about by several 
reagents, but the one universally employed in cheese 
making is a soluble ferment found in the stomachs 
of young mammalia and in certain other animals, 
known as rennet. By the addition of rennet to 
milk, the casein takes on the form of a homogene- 
ous gelatinous solid, and in changing its form en- 
closes in its mass the globules of fat. In bringing 
about the change in the casein in this way, the ren- 
net acts by contact; that is, its own constitution is 
in no way disturbed, and a minute amount of rennet 
is capable of causing the coagulation of a _ large 
amount of milk. 

Quality of milk for cheese making.—While it is 
searcely necessary to demonstrate that milk is val- 
uable for butter making in proportion to the amount 
of fat it contains, the proposition that its percent- 
age of fat is also a measure of the value of nearly 
all milk for cheese making has not heen so readily 
accepted. Indeed, until within a very short time, the 
prevailing opinion among dairymen and cheese-makers 
has been that a milk poor in fat was likely to be 
rich in casein, and hence more valuable for cheese 
making purposes. But both fat and casein are con- 
stituents of cheese, and both are of nearly equal im- 
portance ; henee, the richer a milk is in fat, the 
more cheese it will make, and recent research has 
shown that for milks containing a normal amount of 
fat the yield of cheese will be nearly proportional to 
the percentage of fat in the milk. 
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Van Slyke,* in a series of investigations extend- 
ing over several years, and including the milk of not 
less than fifteen hundred different cows, found that as 
the percentage of fat increased the percentage of 
casein increased in a nearly constant ratio; or, to 
quote his own words: “While we have noticed con- 
siderable variation when we considered individual 
herds, we have found that, as a rule, there were two- 
thirds of one pound of casein for each pound of 
fat in the milk, whether the milk contained 3 or 4 
per cent of fat; though this normal relation was con- 
siderably affected in the season of 1893 by the effects 
of drought upon the pastures. * * * * When 
the amount of fat in the milk increased beyond 474 
per cent, there was a gradual but slight diminution 
of casein for each pound of fat.” 

The accompanying tables give the data upon which 
Dr. Van Slyke’s opinions were based : 


Table showing relation of fat to casein in normal milk. 


| Average 

, Ape ; Tainber of Average per Average per pounds of 
NOU: aati, | “aczmples, [ME OE Aan enna iaein| aan Soe 

fat. 

I. 3 to 3.5 22 3.35 2.20 0.66 

I. 3.5 to 4 112 3.72 2.46 0.66 

Il. 4 to 4.5 78 4.15 2.70 0.65 

IV. 4.5 to 5 16 4.74 3.05 0.64 

Vv. 5 to 5.25 it 5.13 3.12 0.61 


*New York Agricultural Experiment Station, Bulletin, No. 68, New Series. 
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Table showing relation of fat in milk to yield of cheese. 


Pounds of green | Pounds of green 


Group. | Ber een ee fatin |cheese made from 100; cheese made for one 
a Ibs. of milk. pound of fat in milk. 
é = — 
Lis 3 to 3.5 9.14 2.83 
II. | 3.5 to 4 10.04 2.70 
II. | 4 to 4.5 11.34 2.73 
Ty, « 4.5 to 5 Las 2.71 
¥, | 5 to 5.25 13.02 2.66 


Babcock* tabulated the results of a large num- 
ber of observations in factories in Wisconsin in the 
accompanying tables, and while agreeing in the main 
with Van Slyke, was forced to conclude that, ‘at the 
same season of the year, rich milks do not yield as 
much cheese in proportion to the fat they contain as 
do poor milks, but that a rich milk toward the end of 
the season may do as well as a much poorer milk 
earlier in the season.” 

Table showing yield of cheese in Wisconsin factories according to 


per cent of fat in milk. 


No, of No.of |Range of fat] Average per ore Lbs. of cured 
groups. reports. per cent. cent of fat. | cheese per cheese for 
100 Ibs. milk.) 2 1b. fat. 
1 ud under 3.25 3.126 9.194 2.941 
2 90 3.25-—-3.50 8.882 9.285 2.730 
3 134 3,503.75, 3.600 9.407 L 2.613 
4 43 3.75—4.00 3.839 9.806 2.562 
5 46 4.00—4.25 4.090 10.300 2.512 
6 20 over 4.25 4447 10.707 2.407 
All groups. . 347 Lol 9.566 | 2.628 


*Wisconsin Agricultural Experiment Station, 11th Annual Report, p. 137. 
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Table showing yield of cheese in Wiscousin factories by months, 
y 


Average Lis. of eured 


Mont, ict dsepiaeper| weeihel | chee 

100 Ibs. milk. . of fat. 
April | Paty | 3.480 9.154 | 2.630 
May | 68 3.493 | 9AST | 2704 
June | 66 | 3.497 | 9.367 2.679 
July . ok ' i rn ss y2m1 | 2,593 
August 49 | 3.634 9.335 2.568 
September . | 36 3.836 | 9.995 2.504 
October 23 4.076 10.562 2.501 
November | i} gat | toe 2.573 
Whole season BT 3.64 se 9.566 | 2,628 


Table showing yield of cheese for one pound of fat for each month. 


i October 
Percent of fat. gies an June July. August. Sept. | " and , 
| beoveml r 
| No. No. 
Under 3.25 . | 12-2.96 | 6—2.99 
3.25—3.50 33—-2.73 23-—-2.74 
3.50—-3.75 384—2.62 82—2.63 
8.75—4.00 | 72.53 | SS DAG 
4.00—4.25 | 3—2.56 22.30 4--2.33 bP Ya | 9-247 | 1o--2.64 
Over 4.25 | 12.15 | . F 1=1.95 | 1-213 | 17--2.46 


On the other hand, Dean* has found that uni- 


* Ontario Agricultural College, 21st Annual Report, p. 44. 
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formly a rich milk yields less cheese in proportion 
to the fat contained in it than a poor milk. His 
experiments covered a whole season’s work in a 
single factory, the average results of which are shown 
in the following table: 


Yield of cheese from rich and poor milk. 


“Pounds of green cheese 
for one pound of fat 


| Per cent of fat in 
Num- milk 


hee at in milk. 
experi- _ is i 
ments. | Richer Poorer Richer | Poorer 
' milk. milk. milk. milk. 
2. w= = 
April P36 4.21 bs 2.66 
‘ 6 3.39 2.86 
| ‘ 
May oe 4.09 be 2.68 
ee ss | 3.30 t 2 84 
June 2 | 8.94 | 968 | 
12 3.16 | 294 
July et | 3.78 : OTe 
14 3.00 3.06 
August. . phase eh ae | 3.82 2.74 ‘ 
i ‘ 13 | 2.91 3.14 
September. r é Ue! 4 4.01 a i 2.68 
. - | 3.06 3.06 
October e 13 3.99 44 2.82 
" ste ls i] 3.26 ‘ 3.05 
Average . , | 3.98 en ee | 2.99 


The practical bearing of the relation of the fat 
to the casein arises in the question as to whether, 
where milk is bought for cheese making, it should 
he paid for by weight or according to its perceut- 
age of fat. It does not require proof, that to pay 
an equal price per pound or hundred weight for 
milk of all qualities is a gross injustice to those 
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who produce the richer milks. If there were a 
quick, accurate method of determining casein, the 
logical practice would be to pay for the milk upon 
the basis of its known content of both fat and 
casein; but failing in that, it is well to examine 
in how far we may fall back upon the percentage 
of fat, the determination of which is both quick 
and accurate, as a measure for determining the 
value of milk for cheese making. While there is 
some disagreement, it seems to be pretty well settled 
that a milk rich in fat is also richer in casein, 
and with milk of ordinary quality, including prob- 
ably nine-tenths of all the milk produced, nearly in 
proportion to the percentage of fat. So that, even 
if the richer milk does yield a little less cheese 
for each pound of fat, the percentage of fat is a 
much more nearly just measure of its cheese-pro- 
ducing power than is the weight of the milk, the 
measure now commonly employed. Further, when 
the milk is so rich in fat that the casein falls 
considerably below its normal ratio to the fat, the 
resulting cheese will be so much richer in fat 
that it will be of considerably better quality, and 
such milk, when pooled with milk poor in fat, will 
so bring up the quality of the whole product, that it 
should be paid for at a correspondingly higher rate. 
The conclusion, therefore, is that the percentage of 
fat is by far the most accurate measure at present 
available for the determination of the cheese-produ- 
cing value of milk, and that milk is practically valu- 
able for cheese making in proportion to the amount 
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of fat that it contains, and should be paid for ac- 
cordingly. 

Loss of fat in cheese making.—It has been a gen- 
erally accepted idea by cheese-makers, that the neces- 
sary loss of fat in the whey is much greater 
when the milk contains a high percentage of fat. 
Indeed, the statement has been frequently made 
that all the fat in the milk above 4 per cent is 
lost in the whey. This idea has had much to do 
with the disinclination to value milk for cheese 
making according to its percentage of fat, and, in 
fact, has been a chief argument in favor of the 
manufacture of skimmed or partly skimmed cheese. 

The following table by Van Slyke* shows that 
this idea is erroneous, and that the loss of fat in 
the whey need be proportionately no greater when 
the milk is rich than when it is poor in fat. 


Table showing amount of fat lost and recovered in making cheese. 


Pounds . Pounds of fat) Pounds of fat 
Number of | of ae us ee ne lost os wee recovered in 
experi- in 100 lbs. 100 Ibs. of rom 100 Ibs. | green cheese 
ment. Ibs. of milk milk of fat in from 100 lbs. 
of milk. ‘i i milk. of fat in milk. 
1 2.35 0.154 6.55 i 
par 3.01 0.193 6.42 | 
3 3.88 0277 7.15 
4 3.96 0.283 Fld 
5: 4.70 0.359 7.64 | 
6 4.73 0.331 6.99 | 
7 4.80 0.373 7.77 
8. 6.49 0.715 11.01 
9 3.70 0.269 7.26 


Other investigators have abundantly confirmed 
these results. 


*New York Agricultural Experiment Station, Bulletin No. 37, p. 681. 
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Cooling. —All that was said in Chapter V. on 
“market milk,” in regard to cleanliness in drawing 
the milk, apples equally well to milk that is in- 
tended for cheese making, but where milk is made 
into cheese it is not necessary, nor, indeed, is 
it desirable, that the lactic acid fermentations be 
checked further than is necessary to allow the milk 
to come into the cheese maker’s hands in the _ best 
condition. In cheese making, the fermentations of 
the milk play a most important part, and while it 
is not at present known just what fermentations are 
necessary or most desirable, sufficient is known to as- 
sure us that a certain amount of lactic acid is not 
only desirable but necessary for the cheese making 
process, and enough further is known that those fer- 
mentations which attack the protein substances, and 
result in the formation of strong flavors, taints and 
gases, are all undesirable in cheese making. For 
the purpose of cheese making, it is desirable that the 
fat should separate from the other constituents of 
the milk as little as possible, and to that end the 
previous treatment of the milk should be such that 
the separation of cream will be held back as much 
as possible. One of the best means of doing this 
is to cool the milk to the temperature of the air 
while it is kept constantly in motion. This, be- 
side helping to keep the cream mixed with the milk, 
will also favor the escape of any volatile animal 
products that may be present in the milk, known 
under the collective name of animal odor, and 
which would otherwise impart objectionable flavors 


to the cheese. 
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Aération.—Passing the milk through an elevated 
strainer in such a manner that it may fall in 
finely divided drops or streams through the air be- 
fore it reaches the can, is one of the best means 
of bringing about this end. This is known as 
aération. It cannot be depended 
upon to destroy or even check the 
germs of fermentations which may be 
present in the milk, beyond that 
due to the reduction of temperature. 
It is not desirable that milk in- 
tended for cheese making should 
be cooled much helow the tempera- 
ture of the air, and one of the best 
preparations of milk intended for 
“cheese making is to allow it to 
remain where it will be freely ex- 
posed to a pure and moderately cool 
Fig. 3 errr atmosphere. Under ordinary condi- 

elevated strainer. tions, the milk of the evening and 
the succeeding morning are manufactured together, 
and the treatment indicated is naturally that of the 
night’s milk. It is highly desirable, however, that 
the milk of the morning should be cooled to the 
temperature of the atmosphere before it is taken to 
the factory, and under ordinary conditions the milk 
of the night and morning should be taken to the 
factory in separate cans. 


Ripening.—The lactic acid fermentation is prob- 
ably one of the most important factors in all the 
steps of cheese making, and to know to what ex- 
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tent it has progressed before the process begins, is 
exceedingly important to the cheese maker. To this 
end, several convenient tests may be applied. The 
veteran, who has attained skill through long manip- 
ulation, can tell with a fair degree of accuracy 
through the sense of smell and taste the amount 
of lactic acid present in his milk, but this is not 
a safe enough guide for those who are inexpe- 
rienced, or those who expect to make a uniform 
product in a uniform 
way from day to day. 

Rennet tests. —The 
percentage of lactic 
acid present in the 
milk ean readily be 
determined directly by 
titration with a stand- 
ard alkali, but the 
amount of lactic acid 
present is also quite 
readily determined 
by the length of 
time required for ren- 
net coagulation, since 
rennet acts more 
quickly upon milk 
the riper it is, and 
upon this fact two 
or three simple tests 


au c b 


have been devised. Fig. 23. Monrad rennet test. a, 5. c. pipette; 


r b, 50 c. e. graduated flask; e, in whi 
The simplest of these ieee Cerne ae 
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is to add a spoonful of rennet of known strength 
to a teacupful of milk and, after stirring the two 
together thoroughly, to note carefully the time re- 
quired for coagulation. Another and more exact 
method, known as the Monrad test, is made as fol- 
lows: To a measured quantity of milk at a given 
temperature a measured quantity of rennet of known 
strength is added; ordinarily the commercial rennet is 
diluted nine-tenths for this purpose. The rennet is 
thoroughly stirred with the milk, and the time re- 
quired for coagulation is carefully noted. This is 
simply a development of the cup test, and is better 
because of its greater delicacy and accuracy; the 
milk and rennet being more carefully measured, and, 
diluted rennet being used, a wider range of delicacy 
is reached. Still 
another form of ren- 
net test, known as 
the Marschall test, 
has been devised. 
In this test the milk 
is measured into a 
vessel, one of whose 
sides is graduated 
and in the bottom 
of which there is a 
minute orifice. The 
rennet is added to 
the milk, and the 
vessel so placed that the milk can escape from the 
hole in the bottom. So long as the milk remains 
Digitized by Microsoft® 
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fluid the stream is continuous, but as soon as the ren- 
net takes effect and a clot is formed, the stream stops, 
and no more escapes. The number of spaces of milk 
which escape is taken as the measure of the ripeness 
of the milk. When the percentage of lactic acid is 
great the stream stops sooner than where little acid 
has been formed, so that in the ripe milk a less 
number of spaces shows upon the side of the vessel 
than in the unripe milk. 

Degree of ripeness necessary.—By ripeness of milk 
for cheese making is meant, as in the case of but- 
ter making, the degree of lactic acid development that 
has taken place. For cheese making, the develop- 
ment of lactic acid should not have proceeded so 
far that the milk is distinctly sour to the taste, and 
it should have proceeded far enough so that the 
whole process of cheddar cheese making, from the 
time of adding the reunet to putting the cheese in 
press, will take not more than six hours. This will 
be indicated by a rennet test of 2’4 spaces on the 
Marschall apparatus, or a rennet test of one minute 
on the Monrad test, when 5 ec. ¢. of diluted com- 
mercial rennet extract (1 part rennet to 9 of water) 
are added to 200 c. c. of milk. 

Starters.—In very many cases the milk, when 
brought to the factory, will not be sufficiently ripe 
to give the tests indicated above. In that case it 
should be allowed to ripen before the cheese making 
process begins. This may be brought about by 
heating the milk up to 85° F., when the germs 
already present become more active; but the time 
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required for the ripening will be shortened, and more 
uniform results be obtained if, in addition to the 
warming, an artificial starter is used. This may be 
any material containing the germs of lactic fermen- 
tation in active condition. The whey saved from 
the previous day, or milk naturally or artificially 
soured, may be used. <An_ extremely convenient 
form of starter is made by preparing an artificial 
ferment in the following way: Ten pounds of 
whole milk are sterilized at 180° F., then cooled to 
90°, and sufficient commercial dry lactic ferment 
added to secure coagulation in twenty-four hours. 
When coagulated this is added to the extent of 10 
per cent to enough whole milk to make sufficient 
starter for one day’s use. The amount of starter 
to be added for the purpose of ripening the milk 
should be from 2 to 5 per cent, varying with the 
temperature of the air and the amount of ripeness 
that it is necessary to develop after the milk reaches 
the factory. Enough of the ferment should be re- 
served each day to prepare ferment for the following 
day from whole milk; and with care that the ves- 
sels in which the ferment is made are kept clean 
and sweet, a single ferment may be propagated for 
from ten days to two weeks. Such a ferment will 
give more uniform results, and is less liable to in- 
troduce taints and bad flavors, than a ferment made 
from sour whey, and with a little care and atten- 
tion, the fermentation will go on regularly from day 
to day. 

Rennet.—The ordinary source of rennet is the 
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fourth or digestive stomach of a calf that has not 
yet ceased to live upon milk, though rennet is also 
found in the stomachs of puppies and pigs, and the 
latter have come to be of almost equal importance 
with calves as a source of rennet. The active prin- 
ciple of the rennet is found in the folds of the 
lining membrane of the stomach of the animal, and 
is greatest in amount when a full meal is just di- 
gested. The rennet should be obtained from an ani- 
mal of some age. Still-born calves, or calves less 
than three days old, furnish a rennet of very in- 
ferior quality. The calf should be slaughtered three 
or four hours after it has had a full meal, and the 
fourth stomach earefully taken out. This should be 
emptied by turning inside out and any particles 
of foreign matter carefully picked off; it should 
not be washed with water. It should then be 
sprinkled with salt and stretehed in such a manner 
that it will readily dry. 

At the present time the preparation of the rennet 
extract from the skins is entirely a commercial one, 
and rennet so much superior, on aecouut of its 
uniform strength and freedom from taints, is fur- 
wished in this way that it is not advisable to prepare 
the rennet for use from the skins. In the prepara- 
tion of the extract, the skins are soaked in warm 
water to which a little salt has been added until the 
active principle has been completely removed from 
them. The resulting extract is filtered, and preserv- 
atives, in the shape of salt and a little saltpetre, 
are added. Rennet so prepared will retain its 
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strength and purity for a considerable length of 
time, if kept in a cool, dark place. 

Removal of whey.— After the coagulation of the 
milk is complete its constitution is as follows: 92.5 
parts soluble, 7.5 parts insoluble. The soluble por- 
tions are made up of water 87, sugar 4.5, albumin 
.75, ash .25, The insoluble are made up of casein 
3.25, fat 3.75, ash .5. The separation of these two 
is the chief task of the cheese maker, and is brought 
about partly by mechanical and partly by chemical or 
physical agents. The chief mechanical agents in 
the separation are cutting the curd, stirring, and the 
application of pressure. The chemical and_ phys- 
ical agents in effecting the separation are: First, 
application of heat; second, development of lactic 
acid; third, addition of salt; fourth, curing fermenta- 
tion. These various agents may be applied in va- 
rious degrees and in various ways, all of which have 
a greater or less effect upon the character of the 
resulting cheese, producing an almost endless variety 
of product. The process that we shall describe is 
one in common use in America, although first prae- 
ticed in England. It is known as the American 
Cheddar process, and is a modification in minor de- 
tails of the process employed in the Cheddar district 
in Somerset, England, as much as 250 vears ago. 
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CHAPTER XI. 
CHEDDAR CHEESE MAKING. 


THE successive steps in the manufacture of Ched- 
dar cheese may be conveniently grouped into seven 
stages or periods, as follows: Period first, setting ; 
period second, cutting; period third, heating; period 
fourth, cheddaring ; period fifth, grinding; period 
sixth, salting and pressing; period seventh, curing. 

Period I., settiny.—The rennet is most active at 
temperatures from near that of the body, 98° to 
100° F., up to about 180° F., and if added to the 
milk at these temperatures will most quickly cause 
coagulation, but at high temperatures there is more 
tendency of the fat to separate, and for this reason 
the milk is warmed to a degree sufficient to cause 
fairly rapid coagulation, and at the same time, not 
injure the fat. This will vary from 82° to 86° F., 
according to conditions. The milk, when brought to 
the factory, is collected in the vats and the whole 
mass gradually warmed up to the proper tempera- 
ture, with frequent gentle stirring to prevent any 
separation of the fat in the form of cream. When 
the whole mass is warmed up to 82° the milk is 
tested for ripeness, and if sufficiently ripe the ren- 
net is added at once, but if the milk is insuffi- 
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ciently ripe a starter is then added, and the milk 
allowed to stand at this temperature until a suffi- 
cient amount of acid has developed, care being 
taken that it is frequently stirred and no cream 
allowed to rise. 

The rennet should be added in sufficient quan- 
tity to cause the milk to coagulate in from ten to 
fifteen minutes, and to be ready for the knife in 
from thirty to thirty-five minutes. It was formerly 
supposed that the amount of rennet added had an 
effect upon the whole process of manufacture, and 
particularly upon the curing fermentation, but while 
the matter is still unsettled, later researches go to 
show that the influence of the rennet upon the 
curing is probably very slight. The amount of ren- 
net to be used will also vary with the strength of the 
extract; two to three fluid ounces of rennet, of or- 
dinary strength, per thousand pounds of milk is 
sufficient. The rennet should be added to the milk 
in such a way that the coagulation will be uniform 
throughout the whole mass. If the rennet is added 
in full strength and at a high temperature, the 
milk will be immediately eurdled as soon as the 
particles of rennet come in contact with it, and 
coaguation will begin in part of the mass before 
the rennet can be thoroughly united with the whole 
body of milk. The rennet should be diluted with 
twenty to fifty times its own bulk of cold water. 
The dilution renders the uniform mingling of the 
rennet with the milk easier, and the cold water 
keeps it inactive until it has been warmed up to the 
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temperature of the milk. So soon as the rennet is 
added, the milk should be quickly and carefully 
stirred, so that the rennet may be uniformly mingled 
with every part of it. This stirring should continue 
until the mixture of rennet and milk is complete, 
but should stop before any appearance of coagula- 
tion. The milk in the vat is then allowed to be- 
come quiet, and remains undisturbed while the pro- 
cess of coagulation is going on, the object being to 
secure a uniformly solid clot or coagulum through 
the mass. The action of the rennet is not instanta- 
neous; the first appearance of coagulation is noticed 
by a slight thickening of the milk. This gradually 
increases until the whole mass is solid, and if left 
undisturbed the action of the rennet continues to 
contract the coagulated caxein and cause a_ partial 
separation of the whey. As soon as the coagulation 
is strong enough, so that the casein will maintain 
its shape when broken, the contents of the vat are 
ready for the next step in the process. 

Period IT., cutting.—The curd, as the coagulated 
easein is called, is ready for cutting when under 
strain it will break with a clean fracture. This is 
conveniently tested by gently inserting the finger in 
the curd in an oblique position and slightly raising 
it, when if the curd breaks clean across the finger 
it is sufficiently firm for cutting. Cutting is per- 
formed in order to facilitate the further contraction 
of the casein and the expulsion of: the whey. For- 
merly the solid mass of curd was broken up into 
small pieces by any sort of an instrument that 


Digitized by Microsoft® 


176 Milk and Its Products. 


might be at hand, or simply with the angers, no 
care being taken that the pieces of curd should be 
of uniform shape or size, but now gangs of steel 
knives, in one of which the blades are arranged 
horizontally and the other perpendicularly, are used 
to cut the mass of eurd into cubes of about % of 
an inch in diameter. The fat is retained in the 
cheese by being enclosed in the meshes of the casein, 
and in breaking up the mass of casein, a certain 
number of fat globules is always set free. The 
care with which the cutting and subsequent hand- 
ling of the curd is done controls the loss of fat 
through this source. Formerly, the mass of curd 
was allowed to become very firm before cutting, but 
the more recent practice has shown that the best 
results in expelling the whey from the curd are 
reached when the curd is eut, so soon as it has 
sufficiently coagulated to maintain its form. The 
curd is cut by passing the horizontal knife through 
the vat, usually in a longitudinal direction, and then 
by passing the perpendicular knife both longitudi- 
nally and crosswise of the vat. It is immaterial 
whether the horizontal or perpendicular knives are 
used first. Some skilled cheese-makers prefer the 
one practice and some the other. The object to be 
attained is to break up the curd into as uniform 
a mass of kernels as possible, or, in the language 
of the cheese-maker, to secure an “even cut.” After 
the curd is cut, the whey begins to escape, and the 
curd sinks to the bottom of the vat. If allowed to 
remain undisturbed, the cut surfaces of the particles 
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of curd readily unite, and in breaking them apart 
again more fat is lost. Hence as soon as the curd 
is eut, gentle agitation of the whole mass should 
begin. This agitation should be sufficient to cause 
the particles to move upon one another, but not 
violent enough to break them up. The curd rapidly 
shrinks and hardens; more rapidly upon the outside 
than the inside. This soon results in the formation 
of a so-called “membrane,” which not only tends 
to prevent the particles from sticking together, but 
affords some resistance to further breaking up. This 
“membrane” is pervious to water, but retains the 
globules of fat; so as soon as the contraction has 
reached this point, or when the curd is well “healed 
over,” the further expulsion of the water should be 
aided by heat, and this point begins the third step. 

Period III., heating or cooking.—The term “cook- 
ing,” as applied to the manufacture of cheese, is a 
misnomer so far as it relates to any change in the 
composition or condition of the material through 
the effect of heat. By cooking any ordinary sub- 
stance is meant the application of a degree of heat 
sufficient to cause a coagulation of albuminous sub- 
stances or a breaking down of starchy ones. The 
degree of heat used in cheese making during this 
stage never reaches anywhere near this point, and 
never, except in rare instances, is a temperature of 
blood heat exceeded. The change to be brought about 
in this process is wholly the contraction of the curd 
and the consequent expulsion of water from within 
the particles. To this end the heat serves a two- 
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fold and important part. The curd is contracted to 
some extent by the action of the rennet still con- 
tinuing; also to some extent by the direct applica- 
tion of the heat, but to a greater extent by the 
effect of lactic acid upon the curd, the production 
of lactic acid being greatly favored by the increased 
temperature. It is desirable that this contraction of 
the curd in the cooking stage go on uniformly through- 
out the whole mass. The heat is therefore applied 
gradually and with constant stirring. As the parti- 
eles of curd shrink in size, the tendeney for them 
to unite in masses constantly diminishes, and they 
are broken with greater difficulty, so that while at 
first extreme care is necessary to prevent the par- 
ticles of curd from becoming broken, as the temper- 
ature rises, the stirrmg may become more rapid and 
vigorous. The heat should be raised slowly from 
the setting point of the milk up to 98° F., and it 
should not be more rapid than 2° in five minutes; 
and unless the lactie acid develops very rapidly it 
is better to take even more time than this. When 
the temperature of 98° F. is reached, the stirring 
may cease and the particles of curd be allowed to 
settle upon the bottom of the vat until the curd is 
thoroughly shrunken and a_- sufficient amount of 
lactic acid has been developed. At the end of the 
cooking stage the particles of curd should have 
shrunken to less than one-half of their former size, 
and should have become so hard that when pressed 
together between the hands, and the pressure sud- 
denly relaxed, they will fall apart, and show no 
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tendency to stick together. By this time there should 
have developed a sufficient amount of lactic acid so 
that the curd will draw out in fine threads a 
quarter of an inch long when applied to the hot 
iron. 

When the curd has reached the highest temper- 
ature, it may be allowed to settle, and a part of the 
whey may be drawn off the top of the vat. This 
is of advantage particularly when the development 
of lactic acid is likely to be rapid, and it is de- 
sirable to separate the whey from the curd in a very 
short time, but sufficient whey should be left to 
cover all of the curd two or three inches deep 
until sufficient acid has been developed for the 
cheddaring process. 

Period IV., cheddaring, or matting. —When suffi- 
cient acid has developed in the whey, it is drawn 
off from the vat through the gate or by means 
of a syphon. The curd is then allowed to mat 
together into a mass, which is the distinctive fea- 
ture of the cheddar process. This matting together 
may be done either in the vat or in a special 
vessel, called a curd sink. In the former case, 
when all the whey is run off the particles of curd 
are brought together upon the two sides of the vat 
and a channel opened between them, so that any 
whey held by the particles of curd may be al- 
lowed to escape. When the particles of curd are 
sufficiently matted together to maintain themselves in- 
tact, the mass is cut up into blocks about 8x8x 12 
inches, and these blocks are turned over so that 
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the part that was uppermost comes in contact with 
the bottom of the vat. A further draining of the 
whey takes place, and the blocks of curd are next 
piled upon one another two deep, care being taken 
in forming these piles that the parts that were ex- 
posed to the air are turned in. Later on the curd 
is piled again in still deeper piles, and as the pro- 
cess continues the mass is piled over and over 
again, care being taken that the exposed parts of one 
pile are put into the interior of the succeeding, so 
that the heat may be uniform throughout the whole 
mass. In the curd sink the manipulation is not 
essentially different. The curd sink is a_ square 
wooden receptacle fitted with a false slatted bottum 
and covered with coarse cotton or linen cloth, 
through which the whey can easily escape. When 
the time comes for separating the whey, so much 
as will run off readily is drawn off, and the re- 
maining whey, mixed with particles of curd, is 
dipped into the sink, the whey runs off freely 
through the strainer and slatted bottom, and the 
eurd, being spread over the whole surface of 
the sink, soon mats into a_ solid mass, and the 
piling process goes on the same way as is done 
in the vat. During this process various changes 
take place. The pressure of the particles of curd 
upon one another serves to expel a large part of 
the whey that still remains; at the same time the 
temperature is kept sufficiently high so that the 
production of lactic acid is not checked. The effect 
of the acid is to cause a series of marked changes 
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in the physical condition of the curd. From the 
condition of a tough, spongy mass when first ched- 
dared, the curd changes into a smooth, elastic, 
fibrous condition, not unlike the physical appearance 
of well cooked, lean meat. When the curd reaches 
the condition above described it is ready for the 
next step in the process, and by this time sufficient 
lactic acid will have developed so that fine threads 
may be drawn out two to three inches on a hot 
iron. 


Period V., grinding.—When the curd is ready for 
grinding, the whey has been removed to so great 
an extent that the pro- 
duction of lactic acid 
measurably stops. The 
eurd is ground in or- 
der to reduce it to 
particles of convenient 
size for receiving the 
salt and for pressing 
into a solid mass in 
,. the cheese. The grind- 
Jing, or more properly 
the cutting, is done in 
special machines known 
as curd mills. Of the 
various styles of mills, those are best which cut 
the curd into pieces of uniform size, without tearing 
it apart, for the reason that when so treated less fat 
escapes and the uniformity of size of the pieces aids 
in the proper and even absorption of the salt by the 
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curd. After the curd is ground, it is kept sufficiently 
stirred to keep the particles from matting together 
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again. A further maturing of the curd takes place, 
during which it takes on a peculiar nutty flavor, 
and the particles of casein begin to break down 
so that the fat may be re- 
moved by pressure. When 
this stage is reached the curd 
is ready for the next step, 
which is salting. 

Period VI., salting.—Salt is 
added to the eurd primarily for 
the sake of the flavor it im- 
parts to the cheese, just as 
salt is added to butter: but the 
CRU ES sh addition of the salt to the curd 
Fig. 27. Section of “ Pohl” has a further effect in the pro- 

; cess of manufacture. The salt 
makes the curd drier by reason of extracting the 
water for its own solution, and at the same time 
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hardens the curd. It also checks the further devel- 
opment of lactic acid. The salt should be uniformly 
mixed through the curd, and the curd kept stirred 
until it is fully dissolved. A salt of rather coarse 
grain is preferable for cheese. It requires a some- 
what longer time for solution, and the particles of 
the salt are carried to the centre of the pieces of 
eurd more effectually. When the salt is thoroughly 
dissolved the curd is ready to put in the press. 
During the cheddaring and grinding stage va- 
rious means, as covering with cloths, etc., have 
been taken to keep up the temperature of the curd, 
and at the time when the cheese is ready to salt 
it should not be below 90° F. When the salt is 
added the eurd should be spread out thin, so that 
it will cool off, and when it is put into the press 
should be at a temperature of from 78° to 82° F. 
If the curd is put in the press too warm, the fat 
is more easily pressed out and lost. On the other 
hand, if the curd is at too low a temperature when 
put in the press, it is more difficult to make the 
particles adhere together into a solid mass. The 
object of pressing the cheese is to bring it into a 
form suitable for transportation and convenient for 
consumption. The pressure also removes any surplus 
moisture that is in the curd; but the primary object 
of pressing is not to remove moisture. In fact, all 
of the moisture that is removed from the cheese by 
the press is that held by capillarity between the par- 
ticles of curd, and practically none can be expressed 
from the particles themselves. If the curd is too 
Digitized by Microsoft® 
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wet at this stage, it is because care was not taken 
to expel the moisture from the particles of the 
curd in the cooking process, and it cannot be re- 
moved by extra pressure. ‘An ideal condition of 


Fig. 28. ‘‘ Fraser’? continuous pressure gang cheese press. 


the cheese is to so press it that the particles will 
unite together in as nearly as may be a solid 
mass. This will depend upon the temperature and 
maturity of the curd. If the curd is put in press 
at the stage of maturity corresponding to the 
beginning of the cheddaring period, it will be 
very difficult to cause it to unite in a firm mass; 
but if it is allowed to mature until the casein 
shows signs of breaking down, and then is not 
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lower than 78° F., a slight amount of pressure 
will cause the particles to unite in a smooth and 
solid mass. The pressure should be uniform and 
continuous for at least twenty hours. Where a 
screw press is used, care must be taken to tighten 
the serews as rapidly as they become loose, partic- 
ularly for the first hour after the cheese is put in 
the press. Those presses that are fitted with ap- 
pliances for taking up the slack and making the 
pressure continuous show excellent results in the 
texture of the cheese. After the cheese has been 
in the press for three-fourths of an hour it should 
be taken out, turned, the bandage straightened, and 
the whole cheese wiped with a cloth wrung out of 
water as hot as can be borne by the hand. This 
warming of the surface aids in the formation of a 
firm, transparent rind, and it improves the appear- 
ance of the cured cheese. Seamless bandage is 
practically the only kind now used, and it should 
be eut of such a length that it will extend over 
each end of the cheese for an inch and a half or 
two inches; when the cheese is put in the press, 
cireular cap cloths should be put between the ends 
of the cheese and the follower. These cap cloths are 
allowed to remain upon the cheese after it is taken 
from the press and while it is curing, aud are re- 
moved just before the cheese is boxed for market. 
Period VII., curing.—The green cheese, when 
taken from the press, if exposed to a temperature 
of about 70° in a pure atmosphere, undergoes a 
series of fermentations which result in breaking 
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down or rendering soluble the casein and in the 
development of the characteristic flavors peculiar to 
good cheese. These fiavors are almost entirely de- 
veloped during the ripening process. The ripening 
is brought about by a series of fermentations that 
goes on in the cheese. It is not well understood 
just what these fermentations are; but it seems 
evident that at least in the early stages of the 
curing, lactic acid germs are active, although the 
greater majority of these disappear after a short 
time. During the ripening process, oxygen is taken 
up and earbonic acid given off. The quality of 
the cheese is best when the ripening process goes 
on gradually and continually. The higher the tem- 
perature the faster the ripening will go on; an 
extreme temperature of 65° or 70° giving the best 
results. At the end of from four to six weeks the 
casein will be so broken down that the cheese is 
fairly digestible and fit for consumption, though if 
kept longer under good conditions the cheese will 
improve for three or four months, and then if kept 
moderately cool, and in not too moist nor too dry 
an atmosphere, it may be kept one or two years. 
During the early part of the curing process the 
cheeses should be turned upon the shelves every day 
until a sufficient amount of water has evaporated, 
so that they no longer tend to lose their shape. 

Difficulties likely to occur in cheddar cheese mak- 
ing. —The chief difficulty in cheddar cheese making 
comes from the presence in the milk of germs 
which produce fermentations that are undesirable. 
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These fermentations usually begin during the cook- 
ing process, and continue through cheddaring. Or- 
dinarily they evolve a considerable amount of gas, 
causing what are known as floating or gassy curds, 
and are usually accompanied by disagreeable odors 
and flavors. The formation of the gas in the curd 
gives it a sponge-like texture, and when the par- 
ticles of curd are cut across they are seen to be 
full of minute holes, the condition usually denom- 
inated pin-holes. The best means of treating this 
trouble is, of course, prevention; but even with the 
utmost care by makers of experience, milk contain- 
ing the germs of these fermentations will find its 
way into the vat. Ordinarily these fermentations do 
not work with the lactic fermentation; each hin- 
ders the action of the other so that the chief means 
of overcoming the difficulty of gas or pin-hole 
eurds is to favor in every way possible the pro- 
duction of lactic acid. To this end the milk is 
well ripened before the rennet is added, and the 
heat is raised as rapidly as possible to a higher 
temperature of cooking than ordinarily is used. In 
extreme cases the curds may be heated as high 
as 104° F. After the whey has been drawn great 
care is taken to keep the temperature of the curd 
from falling, and at the same time the escape of 
the gas is favored by frequent turning and piling 
of the curd. Where the curds are gassy the ched- 
daring process must be continued until the formation 
of gas has ceased and the holes in the curd have 
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have produced very strong, undesirable flavors, these 
may be removed by drenching with hot water. The 
means used to prevent the development of gas, and 
to get rid of the gas already formed, ordinarily favor 
the escape of fat from the cheese, so that while the 
bad effects of the gassy curd may be largely elimi- 
nated from the finished cheese, still it is always done 
at the expense of a certain loss of fat. 

Another difficulty that often confronts the cheese- 
maker is that coming from the milk arriving in too 
ripe a condition, not necessarily accompanied by un- 
desirable fermentations. In the ease of such milk, 
the development of lactic acid is very rapid and the 
curds, technically deseribed, “work fast.” When this 
occurs, the production of lactic acid is more rapid 
than the shrinking of the curd, and the whey is 
sufficiently acid to be drawn off before the curd has 
shrunken down. In this case, the curd should be 
thoroughly and continually stirred after the whey 
is drawn until the whey has been well worked out 
before the curd is allowed to cheddar; but where 
it is known at the beginning of the process that 
the milk is over-ripe, care should be taken through- 
out the whole process to use every means to re- 
tard the formation of lactic acid, and at the same 
time to cause as rapid a shrinking of the curd as 
possible. To this end, the milk may be set at a 
lower temperature and a larger amount of rennet 
used, and when the curd is cut it should be stirred 
until the whey has well separated before the heat- 
ing process begins. With care in these particulars, 
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there is slight danger of the formation of acid be- 
fore the curd has shrunken down. 

Qualities of cheese. —A well cured cheddar cheese 
of good quality should have about the following 
composition: 


Per cent. 
Water . aoe . 34, 
Fat ‘ : . + . 86.8 
Casein and albumin. . é ele ae BY: 
Sugar, ash, ete. (largely salt) . inca LA 1 3.5 


100. 


The characteristic flavors should be well pro- 
nounced but not strong, depending somewhat upon 
the age of the cheese. The flavor should also be 
clean; that is, free from any flavors due to the 
influence of undesirable fermentations or to foreign 
matters that may have gained access to the milk 
through the food or otherwise. The texture should 
be solid, smooth and firm. When bored with the 
trier, the plug should come out solid, or nearly so, 
and smooth. There should be no moisture visible 
in any part, and no appearance of any separation 
of the fat from the casein. When crushed, the cheese 
should readily break down into a smooth, unctuous 
mass, without indication of the presence of undue 
moisture, and should emit a pleasant, nutty flavor. 
When broken across, the flaky texture should be 
manifest, the so-called “fiinty break.” The color 
should be uniform, not mottled, and with more or 
less of a tendency to translucence, especially in new 
uncolored cheese. The rind should be smooth, with- 
out cracks, hard and transparent, The bandage 
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should extend evenly over the ends of the cheese for 
about two inches and should be straight and smooth. 
The ends of the cheese should be parallel and the 
sides straight. These various qualities are usually 
ranked according to the following scale: 


Per cent. 
Flavor Sate +45 
Texture. . a ‘ ee «85 
Color seas 4s Pars -15 
Finish, 2 4 «34% BOS BE AER aN RRR RS 5 
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OTHER VARIETIES OF CHEESE. 


SLIGHT variations in any of the minor details of 
the cheese making processes have a distinct influence 
on the character of the finished product. <A natural 
result of this is that the varieties of cheese are 
almost innumerable. Von Klenze* in his Hand Book 
of Cheese Technology describes no less than 156 dif- 
ferent kinds, whose manufacture is distributed through 
Europe and America. Not only is the number of dis- 
tinct kinds very large, but the same kind or variety 
varies greatly in character and quality, according to 
the conditions under which it is made. Without at- 
tempting to accurately classify the various kinds of 
cheese, it may be said that they fall roughly into 
about three natural groups or classes. First, those 
whose chief characteristics depend upon the amount 
of water that has been removed in the process of 
manufacture. These we may call hard or soft cheeses. 
Second, those whose distinctive qualities depend upon 
the amount of fat which the cheese contains, whether 
it is the normal amount of the milk, whether a part 
of the fat has been removed, as in the ease of 


*Von Klenze, Handbuch der Kiiserei-Technik, Bremen, 1884. 


(191) 
Digitized by Microsoft® 


192 Milk and Its Products. 


skimmed or partially skimmed cheeses, or whether fat 
has been added to the milk as in the case of the so- 
called cream cheeses. And third, those whose dis- 
tinctive characteristics depend upon the sort of fer- 
mentation to which they have been subjected. In 
the case of many of these, special ferments are in- 
troduced into the cheese during the curing process, to 
bring about the desired characteristics and flavors. 
The details of manufacture upon which the peculiar 
characters depend are, in many cases, so intricate 
and minute that it is practically impossible to so 
deseribe them that a nvoice might successfully fol- 
low out the directions. The actual practice must in 
most cases be learned at the hands of an _ expe- 
rienced teacher. Even as careful a description as 
possible is more than could be attempted here, and 
we shall, therefore, limit our discussion to a few of 
the better known and most largely manufactured 
varieties. The introduction of the so-called fancy 
varieties in America is in its infaney, but is rapidly 
developing, and bids fair to become a most impor- 
tant diversification of the dairy industry. 
American home-trade, or stirred-curd cheese.—The 
popular consumptive demand of most American mar- 
kets requires a softer and milder flavored cheese 
than the cheddar or export type. This is brought 
about by incorporating a larger amount of water with 
the curd, and by hastening the curing process, and 
not curing it so far as is ordinarily done with a well- 
ripened cheddar. The details of the manufacture of 
the American home-trade and the American cheddar 
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or export are in the main similar. In fact, the two 
processes merge into one another in such a way that 
we find a regular gradation in the cheese from the 
softest, mildest, short-keeping stirred-curd cheese on 
the one hand to the most solid, long-keeping ched- 
dar on the other. The distinctive differences in the 
two processes of manufacture are that in the home- 
trade cheese, after the whey is drawn from the curd, 
the curd is not allowed to mat into a mass or ched- 
dar, but is kept stirred in such a way that the whey 
will drain off until it is dry enough so that the par- 
ticles of curd will not unite. It is then salted and, 
with more or less further maturing of the curd, is 
pressed and cured. The character of the resulting 
cheese, however, depends quite as much upon the 
amount and character of the changes that go on in 
the curd after the whey is drawn, and before it is 
put into press, as upon the mere fact of allowing it 
to pack in a mass (cheddar) or keeping it apart by 
stirring. If the cheddar variety is ground shortly after 
matting, and immediately salted and put to press, 
the resulting cheese will resemble the stirred-curd 
type. On the other hand, if the stirred-curd is kept 
warm and frequently stirred, many of the same 
changes will go on as in the cheddared curd, and 
the cheese when cured will resemble the cheddar 
type. 

Another distinction between the two processes is 
that in the case of the cheddar cheese the aim is to 
get rid of all the water consistent with a compact 
union of the particles of casein. In the manufac- 
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ture of the stirred-curd cheese, on the other hand, 
the aim is to retain as much water as_ possible 
without having it appear in the form of free water in 
the cheese. To this end, in the stirred-curd process 
those influences which tend to contract the curd, 
namely, the application of heat and the development 
of lactic acid, are not carried so far as in the ched- 
dar process. In fact, in many cases they are not car- 
ried far enough to remove all of the water necessary, 
and some remains in the cheese, making a “ wet,”’ 
‘sloppy’? or ‘‘leaky” cheese. 

Because of the larger amount of water it contains, 
this kind of cheese is profitable to the producer of 
the milk and to the manufacturer, and when properly 
made and carefully cured, it may be of excellent 
quality, being mild, creamy and soft; but largely, 
too, because of the large amount of water contained 
in it, it is easily subject to decomposition changes, 
goes off flavor rapidly, and does not bear transporta- 
tion well. 

Sage cheese.—In many parts of the United States 
this cheese is very popular for local consumption. 
Its manufacture is not different from the ordinary 
type of cheese, either cheddar or stirred-curd, but 
an infusion of sage leaves, or sage extract (in which 
latter case the green color is secured by an in- 
fusion of fresh leaves of any inert plant, as clover, 
green corn, etc.), is added to the milk before the 
rennet coagulation, and imparts a light greenish 
color and characteristic flavor to the eurd. Ordi- 
narily, where sage cheese is made, the sage is added 
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to only a part of the milk, and two separate curds 
are manufactured simultaneously, and mixed together 
as they are put in the press, resulting in cheese of 
a mottled green color. 

Young America, pineapple, truckle cheese. — These 
are names applied to various forms of small cheeses. 
The truckle and Young America cheeses in particular 
are small cheeses of the cheddar or other common 
type, pressed in sizes of six to ten pounds weight. 
The pineapple cheeses are pressed in shapes sug- 
gested by their name, and are generally made as 
firm and solid as_ possible. 

American Neufchatel cheese.—This is a soft cheese, 
made in imitation of the imported Neufchatel, as 
follows: The room in which the cheese is made 
must have a uniform temperature of 70° F., night 
and day. The milk, pure, sweet and well aér- 
ated, is warmed to 82° F., and 2% ozs. of com- 
mercial rennet extract added per thousand pounds of 
milk. The rennet is stirred into the milk with a 
circular motion for ten minutes. The vat is then 
covered and the milk allowed to stand until the curd 
has formed and so shrunken that about half an inch 
of whey covers the curd. The curd is then removed 
and placed in cloth strainer bags until the whey 
has drained off. It is then pressed for twenty-four 
hours. When taken from the press it is worked 
and kneaded until it is of a homogeneous texture. 
During the working 174 per cent of salt is added. 
It is then molded in small round tin molds, 224 
inches long by 1% inches in diameter, and wrapped 
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first in paper and then in tin foil, when it is ready 
for sale. Carefully made in this way, it will keep 
for two to four weeks, according to the amount of 
moisture it contains. 


Philadelphia cream cheese. — This is a soft cheese 
growing in popularity in proximity to many of our 
larger markets. It resembles the Neufchatel, but is 
made of cream, and is put up in different form. The 
details of its manufacture are as follows: The tem- 
perature of the room is quite as important as in the 
manufacture of Neufehatel, and should be uniformly 
75° F. The milk is warmed to 70° F. and run 
through a separator, taking out 50 per cent as 
cream. This cream is heated to 84° F., and 4% 
ozs. of rennet extract added per thousand pounds of 
eream. The rennet is stirred in with a cireular mo- 
tion for fifteen minutes, after which it is allowed to 
stand until whey ean be seen around the sides of 
the vat. It is then drained, pressed and worked 
in the same way as Neufchatel, except that twenty 
hours’ pressing is sufficient, and more salt (3 per 
eent) is used. It is molded in fiat, thin cakes 3x4 
inches, in a flat tin mold, wrapped in parchment 
paper, and packed for shipment. 

Some of the older writers describe a vream cheese 
made by simply draining and lightly pressing im 
square blocks a thick cream obtained by setting milk 
in shallow pans, heating over water till the cream 
“erinkles,” and setting in a cool place for twelve to 
twenty-four hours. 


Linburger.—The Limburger is one of the varieties 
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of cheese whose characteristics are due to specific 
fermentations brought into the cheese during the 
ripening process. These fermentations result in a 
well known putrefactive odor and pungent flavor. 
According to Monrad,* the manufacture of Limburger 
in America and Europe is not greatly different. Or- 
dinarily the cheese is made from whole milk, but 
frequently skimmed or partly skimmed milk is used. 
In Europe the copper kettle is commonly employed ; 
in America both the kettle and the ordinary rectan- 
gular cheese vat are used. In the latter case the 
curd is made in much the same way as for ordinary 
cheese up to the point when the whey is drawn off. 
The milk is set at a rather high temperature (92° to 
100° F.). The curd is broken into pieces the size 
of a hen’s egg, and allowed to settle to the bottom 
of the kettle. It is then scooped out and put in 
rectangular molds arranged on tables, so that the 
whey may drain off. The molds are carefully turned 
till the whey has measurably ceased running, and the 
cheeses will maintain their form. They are then 
placed in rows on a flat table with thin pieces of 
board between them, and subjected to light pressure 
from the sides. The cheeses are turned frequently at 
first, and then at longer intervals, till at the end of 
thirty-six to forty-eight hours they may be taken 
from the press. They are then salted by rubbing 
salt on the ends and flat sides for three or four 
days. After the first salting they are laid on the 
table in single layers, afterward they are piled, at 


* Cheese making in Switzerland. Winnetka, Ill, 1896. 
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first two deep, then three or four deep, so that the 
absorption of the salt may be promoted. During 
salting and pressing they are kept at a uniform tem- 
perature of from 59° to 63° F. They are then cured 
in a cool (60°F.), well ventilated cellar nearly satura- 
ted with moisture, with careful watching and much 
manipulation and turning. With the ripening they 
begin to soften. The curd, at first hard, takes on 
the characteristic glassy, greasy appearance, at the 
same time that the rind becomes at first yellow then 
reddish yellow. The softening begins on the outside 
and proceeds toward the center, and the cheeses are 
considered to be marketable when one-quarter of the 
cheese has taken on its characteristic texture. 


Imitation Swiss cheese. —A considerable amount of 
cheese closely resembling the true Emmenthaler is 
made in America. Its main distinctive characteristic 
lies in its peculiar flavor, and in the appearance of 
the peculiar so-called Swiss holes in its texture. 
Both of these are due to specific fermentations, 
which take place in the cheese during the curing 
process. (See Emmenthaler cheese, page 200.) 

These are the principal varieties of cheese that 
are manufactured to any large extent in America. 
There are, however, a number of brands of cheese 
upon the market that may properly be classed under 
the general name of 


Prepared cheese.—These faney brands are in gen- 
eral made from an ordinary cheese of good qual- 
ity, by removing the rind and reducing the remainder 


to a homogeneous, more or less pulpy, mass. To this 
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is added a certain amount of additional fat, either in 
the shape of butter or other fat, and some flavoring 
matter in the form of cayenne pepper, brandy, or 
something of like nature. The cheese is then packed 
closely in fancy glass or earthenware packages, sealed 
tightly, and marketed. The names under which it is 
sold vary with the manufacturer and with the recipe 
under which it is made. Many of them are sold 
under registered trade-marks. Some of the better 
known are Club House, Meadow Sweet, Canadian 
Club, ete. 

Among the varieties of cheese of foreign manu- 
facture, the following are worthy of mention: 

English cheeses. —The various dairy localities in 
England produce cheeses bearing their distinctive 
geographical names. In the main, they are of the 
cheddar type, and differ from the true cheddar only 
in details of manufacture and in slight differences 
in texture and flavor, in much the same way that 
the American home-trade cheese differs from the 
American cheddar. Of the English cheeses, the best 
known are the English Cheddar, single and double 
Gloucester, Cheshire and Wiltshire. 

One English cheese in particular is worthy of a 
little more extended notice. It is the well known 
Stilton. 

Stilton cheese.—Stilton cheese is a rich, rather 
soft, mild flavored cheese, more or less impregnated 
with threads of blue or bluish green mold, which to 
a greater or less extent mask the flavor. In making 
Stilton cheese, more or less of the cream of the 
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night’s milk is added to the morning milk. The 
later practice is to use less cream than formerly, 
and in some cases no cream at all is used. The 
eurd is coagulated and cut in the ordinary man- 
ner, but little heat is used in expelling the whey, 
and it is gotten rid of by draining the curds on 
draining tables and afterward in cloth strainers with 
light pressure. The cheeses are pressed in small sizes, 
ten to fifteen pounds, and slowly cured, sometimes for 
two or three years. The veins of mold have come to 
be esteemed so characteristic of Stilton cheese that 
their production is assisted by inserting in the ripen- 
ing cheese wooden skewers that have been smeared 
with crumbs of old cheese fully impregnated with the 
mold. 

Emmenthaler, Gruyere, Swiss or Schweitzer.—The 
cheese made in the mountains of Switzerland has a 
history reaching back to the seventeenth century,* 
and many of the old customs are still used; but, as 
might be expected, the various localities have devel- 
oped many varieties of this general type, in the same 
way that the different forms of cheddar and _ allied 
cheese have come to differ from one another. It is 
generally considered that the cheese known as Em- 
menthaler is typical of the whole group of Swiss 
cheeses. The Emmenthaler cheese is made in a 
large copper kettle instead of a vat, and ordinarily the 
curd made in one vessel is pressed as a_ single 
cheese. After the curd has been coagulated with ren- 
net, it is broken up in various ways into small pieces 


* Monrad, Cheese making in Switzerland. Winnetka, Ill., 1896. 
Digitized by Microsoft® 


Swiss and Edam. 201 


as nearly uniform in size as possible, and then heated, 
with careful stirring and attention, up to 135° or 
140° F. After heating, the curd is allowed to sink 
to the bottom of the vessel in a solid mass, and 
while in this condition the bandage is slipped around 
it and the whole mass of curd conveyed to the 
hoops, where it is pressed. In the subsequent curing 
the curd is usually salted from the outside of the 
cheese as it is curing, and during the curing pro- 
cess certain fermentations go on which produce large 
holes in the cheese. These holes in perfect cheese 
should be uniform in size and at equal distances from 
one another. The casein itself breaks down into a 
cheese of solid, uniform texture and characteristic fla- 
vor. It has been asserted that the characteristic fla- 
vors of the Swiss cheese are due to the character of 
the Alpine pastures upon which the cows feed, but it 
is altogether likely that the curing fermentations have 
as much or more to do with developing these flavors. 

Edam.—This cheese is made in Holland, and is 
pressed in round balls of four to six pounds weight, 
which, when ready for shipment, are colored red with 
annatto or beet root and wrapped in tin foil. Edam 
cheese is made from milk not very rich in fat. Often- 
times partially skimmed milk is used, and in other 
cases a considerable amount of fat escapes in the 
whey during the process of manufacture. The curd 
is made very dry and the curing process is rather 
slow, so that the resulting cheese is very hard, and 
will keep unchanged almost indefinitely ; but while 
it is hard, the curd is thoroughly broken down by 
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the curing process, and is readily soluble and di- 
gestible. 

Gouda.— This is a cheese resembling the Edam in 
general type, and also made in Holland,* but not 
quite so hard, and somewhat approaching a_ well 
made cheddar in general texture. It is larger than 
the Edam, weighing from ten to fifteen pounds. 

Roquefort.—This is a soft or semi-soft cheese, 
made in France. In some respects it is the most fa- 
mous of all varieties of cheese. It is sometimes made 
from goats’ as well as cows’ milk, and it has peculiar 
characteristics imparted by specific fermentations that 
are brought about in the curing process. The curing 
is done in caves in limestone rock, where the air is 
uniform in temperature, and in order to bring about 
the desired fermentations the germs are added to the 
curd in the process of manufacture. These germs 
are often cultivated upon bread or similar substance, 
and this, crumbled up, is mingled with the eurd 
in order to insure the proper fermentation in the 
cheese. Roquefort cheese, when well made and 
eured, is of a rather soft texture, and the whole 
mass is permeated with the molds, imparting a 
characteristic flavor to the cheese. 

Brie. — Another soft French cheese. The milk is 
put into small, circular vessels and the rennet added. 
The curd is allowed to remain until it has become 
sufficiently firm to be removed from the whey in one 
piece. It is then carefully taken up and put in 
such a position that the whey may drain from it. 
It is turned frequently and earefully until sufficient 
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whey has drained away so that the cheeses will 
maintain their form. They are then hghtly salted 
and put away to cure. During the curing process 
molds develop on the outside, but the fermenta- 
tions that go on upon the inside of the cheese re- 
sult in the breaking down of the casein into a 
creamy mass of a strong, piquant flavor. The molds 
upon the outside give to the cheese a strong odor 
of decomposition. 


Camembert.—This is still another French cheese, 
very closely resembling the Brie, and differing from 
it only in details of manufacture. 

Gorgonzola.—An Italian cheese, somewhat resem- 
bling Roquefort. 

Parmesan.— A very hard Italian cheese, made 
from milk with very little fat, and from which a 
large part of the water has heen expelled. In curing 
it takes on a rather sharp flavor, and naturally it 
ean be kept in almost any climate for almost any 
length of time. It is so hard that it is ordinarily 
grated before being used, and is almost wholly 


used to add piquaney to soups, sauces, and the 
like. 
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BY-PRODUCTS OF THE DAIRY. 


THE by-products of the dairy are skimmed milk, 
buttermilk and whey, and a variety of products 
that may be manufactured from them. The utiliza- 
tion of these by-products to the best advantage is 
an important part of the economy of dairy manu- 
facture. 


Shimmed milk, buttermilk and whey.—By far the 
larger part of the dairy by-products must of neces- 
sity be utilized, as food for animals, either because 
of the cost of transportation or for lack of facility 
in marketing many of the rather perishable products 
that can be made from them. All of these products 
make a valuable food for animals, of course in pro- 
portion to the amount of the normal constituents of 
the milk which they contain. Whey is less valuable 
than skimmed milk or buttermilk, because it has lost 
the greater part of its casein as well as fat, but 
it still is of sufficient value to render its utilization 
of importance. Naturally, we expect that young ani- 
mals (calves and pigs) will thrive the best upon 
these products, though skimmed milk has frequently 
been fed to cows with good results. All three are, 
however, so bulky that some more concentrated food 
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should be fed in connection with them, if they are 
used to the best advantage. When economically 
fed to young pigs and calves, skimmed milk and 
buttermilk may be made to return about fifteen cents 
per hundred weight, and whey about one-third less. 
These products are of value for food in proportion 
as the milk sugar has not been changed to lactic 
acid. They may be fed in unlimited quantities with- 
out ill results upon the health of the animal, ex- 
cept that occasionally when the milk is very sour, 
or when fermentations other than lactic have set 
in, derangements of the digestive organs, diarrhcea, 
etc., sometimes occur. It is, therefore, advisable that 
all of these products should be fed in as fresh a con- 
dition as possible, and it has been found in many 
instances that the eustom of sterilizing or partially 
sterilizing the skimmed milk or whey at the factory, 
by injecting a jet of steam into it until the whole 
is heated up to about 180° F., is practical, and is fol- 
lowed by beneficial results. 

Milk sugar.—Milk contains between 4 and 5 per 
eent of milk sugar, and the manufacture of this sugar 
has come to be an important industry. In the manu- 
facture, whey is preferably used, or if skimmed milk 
the casein is first coagulated and removed. The 
water is then removed by evaporation until the erys- 
tals of sugar are formed. Various methods are used 
to rid the sugar of albumin and other materials con- 
tained in the whey. Formerly this was a somewhat 
difficult operation, and added considerably to the ex- 
pense of the manufacture, but recently improvements 
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have been made in this respect, so that the cost of 
the manufacture of the sugar is much lessened. The 
growth of the industry has been very rapid, result- 
ing in a much lower price for the product and a very 
much increased consumption. Formerly, almost the 
only use of milk sugar was medicinal. Now, be- 
cause of its digestibility, it forms an important in- 
gredient of many of the so-called infants’ and inva- 
lids’ foods. It is usually prepared in the form of a 
white crystalline powder, only mildly sweet to the 
taste. 


Dutch cheese (cottage cheese, schmierkase, pot cheese, 
etc.).— A toothsome and nutritious article of food is 
made from sour skimmed milk or buttermilk by al- 
lowing the casein to coagulate by the action of lactic 
acid already formed, and then expelling the water by 
the aid of heat. A considerable number of products 
locally distinet, and differing in the degree of dryness 
of the casein, are made in this way, the general pro- 
cess of manufacture being to take sour buttermilk, or 
skimmed milk which has coagulated, heating gently to 
from 85° to 125° F., aecording to circumstances, drain- 
ing off the whey through a cloth strainer, and then 
reducing the texture of the resulting curd by knead- 
ing with the hands or a pestle; salt is added, and 
the product is improved by the addition of a small 
amount of cream or butter, and occasionally by the 
use of some of the more common spices, as nutmeg, 
caraway, ete. It is largely made only for domestic 
consumption, but in most cities and villages, es- 
pecially during the summer months, there is a con- 
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siderable demand for fresh cheese of this sort, and 
its manufacture is often a source of revenue to fac- 
tories suitably located. It is usually sold and eaten 
in a fresh state, but it may be subjected to cer- 
tain curing processes, which quite materially change 
its character, and which vary widely in different lo- 
calities. 

Whey cheese (primost and myseost).—These are pro- 
duets manufactured from whey in some of the north 
European countries and among the Scandinavians in 
our own. They are really forms of evaporated whey 
and, according to Monrad,* are made somewhat as 
follows : The whey, not too sour, is boiled in a 
suitable vessel under a slow fire, care being taken 
that it is not scorched or burnt; when the albumi- 
nous matters are coagulated they are removed to facil- 
itate evaporation, and the evaporation is carried on 
until the whole mass assumes a syrupy condition; 
the albuminous matters are then returned to the 
condensed whey, the whole is removed from the fire 
and mixed rapidly until in the form of a thick 
mush; some cream is then added and the material 
pressed in brick shaped moulds, and after a day or 
two is ready for market. It is practically unknown 
except in those districts where the Scandinavian 
population is large. 


Cheese food. —Within the last few years an en- 
terprising cheese-maker, Mr. J. J. Angus, of Wiscon- 
sin, has perfected a system of manufacturing what 
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he calls a complete cheese food. It is simply a pro- 
duct containing all the constituents of the milk in 
a condensed form. An ordinary cheddar cheese is 
first made and cured; the whey is evaporated to a 
syrupy consistency, and the cheese from a_ corre- 
sponding amount of milk is ground down to a pasty 
consistency and mixed with the evaporated whey. 
The resulting mass is pressed into eakes of conve- 
nient size, and under ordinary conditions will keep 
a long time. The cheese food is a soft, homoge- 
neous substance of a mildly cheese-like, sweetish 
flavor. 

Wheyn.— Quite recently there has been patented 
in this country by Alexander Bernstein, of Berlin, 
Germany, a nourishing, mildly stimulating drink with 
the above name. It is, according to the specifications 
of the letters patent, a sour, sterilized whey, from 
which the albuminous matter and fat have been re- 
moved. It is put up without further treatment, or it 
may be flavored with hops or other material, which 
may also be carbonated, or subjected to a mild alco- 
holic fermentation. 
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CHAPTER XIV. 
BUTTER AND CHEESE FACTORIES. 


Location of creameries.—In the location of a 
creamery no one thing is more important than to 
secure a well drained site, and yet this is in many 
eases evidently the last thing thought of. Cream- 
eries are located in any out of the way corner or 
bit of waste land that happens to be at hand. 
The drainage is no less an important matter to be 
considered in selecting a creamery site than in se- 
lecting a house site. The foundation of cleanliness 
in a creamery begins with the sewer, and unless 
the waste materials can be completely and quickly 
drawn away the labor of keeping the whole prem- 
ises clean is very much enhanced. 

Other things being equal, then, elevated ground 
should be selected as a proper site for a creamery, 
and if the advantage of the elevation ean be made 
use of in the arrangement of the working rooms, 
so much the better. Another matter that may prove 
of considerable value in many cases is a regard for 
the natural or artificial shelter that may be given the 
creamery building. <A difference of six or eight de- 
grees in the work-room temperature may be easily 
secured by having a due regard to the advantages of 
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shade from groves or the channels of natural air 

drainage. On the other hand, it is not well to lo- 

cate the building on a too bleak or exposed site, and 

yet the great majority of creameries are either ex- 
posed to the 
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Fig. 29. Diagram of creamery arranged upon the the arrange- 
“pravity’’ plan. 


ment of cream- 
ery buildings. In the one, the milk is taken in at such 
an elevation that it may flow by gravity from the 
weighing can to the receiving vat, thence to the tem- 
pering vat, thence to the separator, and finally to the 
skimmed milk and cream vats. In the other, the milk 
is taken in on a level with the work-room floor, and 
is elevated by pumps. Both plans have their advan- 
tages and disadvantages. The main advantage of 
what may be ealled the “ gravity” system is, that 
the milk flows by its own weight during the whole 
course of manufacture, and no pumps, troublesome 
to keep clean, are necessary. As an offset to this 
advantage, it entails a considerable amount of ex- 
tra labor in ascending and descending the neces- 
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sary stairs or steps. The pumping system, on 
the other hand, is economical of labor, but intro- 
duces one or 
more pumps, 
F (DH through which 
4 ] the milk must 
be passed, and 
which are al- 
ways, even 
when of the 
simplest pat- 
tern, more or 
| I /A || less difficult to 
B keep clean, 
and exceeding- 
Fig. 30. ‘Diagram of creamery arranged upon the ly liable to be 
pumping”’ plan. 

neglected. In 
the outline diagrams is a creamery arranged ac- 
cording to either system. By reference to the ground 
plan (Fig. 31, page 212), it may be seen that in 
either case the amount of floor space required is the 
same. In Fig. 29 is shown the elevation under 
the “gravity” arrangement, with the exception that 
the skimmed milk vat is shown elevated. Here the 
milk is taken in at A, passes to B the receiving 
vat, thence to C the tempering vat, thence to D the 
separator, thence to E the cream vat, and through 
the pump H to F the skimmed milk vat. In the 
pumping system, Fig. 380, the same letters indicate 
corresponding parts. It will be seen here that the 
milk is pumped through G from B to C. Referring 
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again, then, to the floor plan, if the arrangement be 
according to the pumping system, the operator, stand- 
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Fig. 31. Ground plan of creamery in Figs. 29 and 30. A, weighing can; B, 

receiving vat; C,tempering vat; D, separator; FE, cream vat; J, churn; 

A, butter worker; D, cold storage room ; M, office ; N, boiler room ; O, fuel. 


ing near his scales and receiving vat A, is but a step 
from the separator D and the boiler N, and ean easily 
give attention to all parts of his factory. Whereas, 
if the creamery is arranged upon the “ gravity” 
plan, he must be constantly ascending and descend- 
ing a series of steps between A and D. It would 
seem, therefore, that when the factory is to be a 
Digitized by Microsoft® 
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large one, requiring the services of more than one 
man, that the “gravity” system is preferable, be- 
cause of doing away with the objectionable pumps. 
Whereas, if the factory is to be a small one, and 
ope man is to do all the work, the amount of 
labor saved hy the more compact pumping system 
wil more than overbalance the objection arising 
from pumps. In a factory of the size indicated, 
handling from three to five thousand pounds of 
milk per day, a floor space of about 18x24 feet 
will be required. In larger factories, it will be 
found of advantage, in controlling the temperature, 
to introduce partitions, so that the receiving and 
separating room may be separated from the churn- 
ing and working room, and if much butter is to 
be made up into prints, a third, colder room, for 
printing the butter, will be found of great advan- 
tage during the warm part of the year. Here, too, 
the question of labor again comes into play. When 
the creamery is so small that all the work is done 
by one man, labor is economized by having all the 
operations conducted in one room, but where two or 
three, or even more men are employed, it will be 
found of advantage to have separate rooms for the 
different operations. 


Construction.—The building should be laid upon 
solid foundation walls rather than upon piers. 
Besides adding decidedly to the appearance of the 
building, it aids materially in keeping the build- 
ing warm in winter and cool .in summer. In regard 
to the floors, cement floors are the most expensive 
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and the most durable, and if well laid and com- 
posed of the best materials, are entirely satisfactory. 
But wooden floors, tightly laid upon a well-drained 
foundation, are fairly durable, and when out of re- 
pair may be easily replaced at comparatively small 
cost. Whatever the floors, they must be — thor- 
oughly sewered. The floor should slant rapidly 
to the gutter, so that all water will quickly run 
off through a thoroughly trapped iron pipe until the 
outside of the building is reached, after which 
well-glazed sewer pipe may be used. An abundant 
supply of pure water is indispensable. This, under 
ordinary conditions, will be obtaimed from a_ well. 
A bored or driven well is less liable to contami- 
nation than an open dug well, but in any event 
the site of the well should be chosen with due 
regard to possible sources of contamination. — If 
the water is very abundant and at a temperature 
below 48°, a supply of ice is not indispensable, 
except for cold storage purposes, but it will be 
found in most cases to be of great advantage. 
In any event, the means of readily securing and 
maintaining in the cream a temperature of 50° F. 
or below is indispensable. Water and steam pipes 
should be carried to all parts of the building where 
their presence may be of advantage for cleaning 
purposes. 

The superstrueture may be as claborate or as 
simple as desired. At the least, it should offer as 
good protection from the elements as a_ well-built 
house does, In fact, the construction need not 
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differ from that of ordinary house construction, 
except that‘ceiling on the inside take the place of 
plaster. 

The inside finish should be of matched and 
planed lumber, thoroughly protected with hard oil. 
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Fig. 32. Plan of cheese factory properly arranged 


It should be needless to say that the outside should 
be neatly and tastefully painted, yet well-painted 
creameries are the exception and not the rule. 

Cheese factories.—All that was said in regard to 
the location of creameries applies with equal force 
to cheese factories. Heretofore, perhaps, even less 
attention has been paid to the drainage of cheese 
factories than to creameries, but it is quite as neces- 
sary. The arrangement of the cheese factory is con- 
siderably simpler than that of the creamery, and mis- 
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takes in arrangement are less liable to be made. 
The governing principle should be that the milk, in 
its transformation from milk to cheese, should pass 
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Fig. 33. Plan of cheese factory improperly arranged. 


in one direction from the weighing can toward the 
curing room. The outlines given, Figs. 82 and 
33, show factories properly and improperly arranged. 
In Fig. 32, the milk taken in at A passes into the 
vats at B, from thence to the curd sink C, and the 
press D, and finally to the curing room E, con- 
stantly in one direction and with a minimum of hand 
labor. Whereas, in Fig. 33, following the same let- 
ters, the milk or curd travels from one end of the 
room to the other and back again. While cheese 
factories, as a rule, are used only during the warm 
months of the year, and perhaps for that reason 
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may be less warmly built, still it is not sufficient 
that the superstructure be merely of siding nailed 
to the joists, leaving the inside bare. While, per- 
haps, it is not necessary that the outer siding be 
double, or that building paper be used upon the 
joists, still the joists should always be ceiled upon 
the inside and the ceiling neatly finished in oil. 
The construction of the curing room is the most 
important part of the cheese factory. Here the 
construction should be of such a nature that a 
fairly constant temperature may be maintained. This 
ean hardly be secured unless the building is covered 
on the outside with two thicknesses of boards, with 
paper between and tightly ceiled upon the inside. 
This part of the factory, at least, should always he 
upon a solid wall foundation. Constructed in this 
way, if care is taken to ventilate the building thor- 
oughly at night, and to elose it tight during the 
day time, a fairly cool curing room ean be secured 
even during the hottest weather; but the temperature 
ean be much more satisfactorily regulated if the ven- 
tilation comes through a sub-earth duct for a con- 
siderable distance. This may be arranged by laying 
a three or four-inch glazed sewer pipe at least four 
feet deep, from a point on the surface fifteen or 
twenty rods from the building, and opening into 
the center of the curing room through the floor. 
If the mouth of this sub-earth duct can be placed 
in such a position that the prevailing winds will 
blow toward it, a circulation of cool air can more 
easily and certainly be secured. 
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Combined butter and cheese fuctories.—The connec- 
tion between the butter and cheese markets is such 
that it is coming to be of considerable advantage 
for a factory to be able to make either butter or 
cheese. In many eases but little additional room or 
expense is necessary. If in the creamery the receiv- 
ing vat is of the same construction as an ordinary 
cheese vat, that is, piped so that hot water or steam 
can be introduced around it, all that is necessary in 
order to make cheese is to add a cheese press and 
the necessary curing room. In a cheese factory the 
addition of a separator, churn and worker serves to 
transform it into a creamery. It is true that the 
presence of the necessary equipment is always a 
temptation toward the making of skimmed milk cheese 
during a part of the year, but a due regard for the 
reputation of the products of the factory will always 
result in making either full cream cheese or butter 
alone. Naturally the manufacture of cheese is most 
advantageous during the summer months, and the 
manufacture of butter most profitable during the 
winter months. It is not at all unlikely that dairy 
manufacture will tend in this direction in the future, 
instead of certain localities being devoted almost ex- 
elusively to butter manufacture and others to cheese 
manufacture, as in the past. 

Farm dairy buildings.—Heretofore the farm dairy 
work has shared with the other farm industries and 
the domestic life the room necessary to its prosecu- 
tion, and this has been and still is a main reason 
for the general inferiority of farm dairy products. In 
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order that the farm dairy be successful, it is neces- 
sary that some certain place be set aside rigorously 
for its prosecution. The dairy cannot be associated 
with the kitchen, the vegetable cellar, or any other 
part of the farm buildings except to its own detri- 
ment. The room or building devoted to the farm 
dairy need not be large nor elaborate. It should 
simply secure a room of convenient size, shut off 
from any other occupation, well lighted, well venti- 
lated, well drained, and reasonably cool in tempera- 
ture. It is entirely possible that this room be a 
part of the house cellar, but if so it should have 
its own individual exit, and be completely shut off 
from the cellar at large. In the same way it may 
be a part of any of the farm out-buildings, or it 
may be a building by itself. As to whether in a 
moderate sized dairy, where say twenty to forty cows 
are kept, the dairy should have a building separate 
from others or not, depends largely upon the way 
in which the dairy work is carried on. If the dairy 
is so large that power is required for the churning, 
or if the cream is raised by a gravity process, it 
will undoubtedly be of advantage that the dairy 
should oceupy a separate building; but if the cream 
is separated by centrifugal process, and power is not 
required for churning, then the milk may be sepa- 
rated in the barn adjoining the stable, and only the 
cream carried to the dairy room proper. There are 
many advantages in this latter plan. In the first 
place, the labor of carrying the milk to the dairy, 
and the skimmed milk and buttermilk away, is done 
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away with. In the second place, the room required 
for ripening the cream and churning the butter is 
very small, even for a dairy of considerable size, and 
may easily be fitted up in a cool corner of the 
cellar. The only disadvantage is that steam for 
cleaning the utensils is not conveniently at hand, 
but the advantages in most cases will outweigh this 
single disadvantage. If this requisite of the farm 
dairy building or apartment is secured, namely, a 
room devoted to nothing but butter or cheese manu- 
facture —light, airy and well drained—there is no 
reason why the very highest quality of products 
should not be made under such conditions, and 
there are several reasons why a better product can 
be made than under the ordinary factory conditions, 
where the production and care of the milk is in the 
hands of a large number of persons, over whom the 
butter-maker or cheese-maker can at best exercise 
only partial control. 
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STATISTICS AND ECONOMICS OF THE DAIRY 
INDUSTRY. 


THE dairy industry in its development has fully 
kept pace with other industries and with the pop- 
ulation. The total number of milech cows has in- 
creased between two and three fold since 1850, 
though in 1890 there were slightly fewer cows in 
proportion to the population than in 1850. But while 
the number of cows has not increased faster than the 
population, their product has materially done so. 
This is seen in the average yield per cow and in 
the increase in the production of butter and cheese. 
In 1850 the average yield per cow was 16674 gallons. 
This had increased in 1890 to 315.4 gallons, or 
nearly 100 per cent. The total production of butter 
was nearly four times as much in 1890 as it was in 
1850, and the production of cheese slightly less than 
2% times as much. 

The various details of this development are well 
shown in the following tables, compiled from the 
United States Census reports by the Dairy Division 
of the United States Department of Agriculture :* 


" af 8. Dept. Agr., Bureau of Animal Industry, Bulletin No. 11 (Dairy 
0. 1). 
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Value of principal farm products of the United States. 


1859. 1879. 1889. 
Products. Per Per sats Per athe 
aoe Total value. | (anp, | Total value. | ane, Total value. 
= { 
Meats. ..-.+-+ 17.9 | $300,000,000 | 22.1 | $800,000,000 | 23.9 $900,000,000 
Corn 21.6 360,680,878 | 19.2 694,818,304 | 15.9 ) 597,918,829 
Hay... «+; 9.1 152,671,168 | 11.8 409,505,783 | 14 526,632,062 
Dairy products 14.4 240,400,580 | 10.8 891,131,618 | 11 411,976,522 
Wheat .. 7.6 124,635,545 | 12 436,968,463 9.1 342,491,707 
Cotton 12.6 211,516,625 7.5 271,636,121 aed 307,008,114 
Poultry. .....- 4.5 75,000,000 5 180,000,000 53 200,000,000 
Other products (a@)| 12.4 206,639,527 | 12.1 440,438,353 | 12.6 472,492,249 
Grand total. .|100 |$1,671,544,323 | 100 pate hi 100 | $3,758,519 483 


a ‘Other products"’ include barley, buckwheat, flax fiber, flaxseed, hemp, 
hops, Irish potatoes, leaf tobacco, maple sirup, maple sugar, oats, rice, rye, 
sorghum molasses, sweet potatoes, and wool. 


But it is not so much in the amount of dairy 
product manufactured as in the way the business is 
done that the dairy industry shows its most remarka- 
ble advances. Up to 1850 the whole dairy output 
was produced, manufactured, and marketed from in- 
dividual farms. Since then the introduction and 
wonderful growth of associated dairying, or the fac- 
tory system, has taken place, and this period has 
also witnessed the introduction of so many and so 
varied machines and utensils that the dairy practice 
of forty or even twenty years ago is entirely rev- 
olutionized in the methods of to-day. But while 
associated dairying has made rapid strides, both in 
butter and cheese making, it is only in cheese 
making that the factory system can be said to have 
at all supplanted private dairying. In 1890 only 
a little more than 7 per cent of all the cheese 
produced was made outside of factories; while in the 
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same year, of the 1,205,508,384 pounds of butter 
made in the country, only 181,284,916 pounds, or 
about 15 per cent, was made in factories. 


Development of the factory system. — Associated 
dairying, or the manufacture of the milk of several 
patrons at one place, under the eve of a_ single 
person, was at first limited wholly to cheese making. 
The system may be said to have been inaugurated 
by Jesse Willams, in Oneida county, N. Y., when 
in 1851 he began the manufacture of milk, produced 
by himself and several sons located on farms near 
by, into cheese under his immediate supervision. 
From this beginning the number of cheese factories 
increased, slowly at first but afterward more rapidly, 
until in 1870 there were in operation 1,313 cheese 
factories. Up to this time butter factories were un- 
known, but within a few years began to be rapidly 
established, and in 1890 there were of both butter 
and cheese factories 4,712. Ten states— New York, 
Wisconsin, Iowa, Ohio, Pennsylvania, Illinois, Ver- 
mont, Minnesota, Michigan and Kansas, in the order 
named — contained nearly 90 per cent of all the fac- 
tories. Of these there were in New York 1,387, 
in Wisconsin 966, and in Iowa 500, or nearly 60 
per cent of the whole. 

When the first butter factories or ecreameries, as 
they are more generally called, were established, the 
milk of the several patrons was drawn to the fac- 
tory, set in deep cans, usually surrounded by running 
water, and afterward skimmed and ehurned. After 
a time the gathered-cream system was introduced. 
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Under this system the cream was raised upon the farm, 
usually by a cold deep-setting process, and the repre- 
sentative of the creamery, visiting the different farms, 
skimmed the cream, and left the skimmed milk upon 
the farm. Later on, during the decade beginning in 
1880, the centrifugal separator was introduced, and at 
the present time by far the larger number of but- 
ter factories are operated upon this system. As be- 
tween the factory system or the private dairy in the 
manufacture of dairy products, both have their ad- 
vantages and disadvantages. The advantages of the 
factory system are so great that practically all of the 
cheese is made in this way, the small amount made 
upon farms and in private dairies being almost 
wholly made for domestic or strictly local consump- 
tion. Those advantages in the main are the saving 
of labor and the greater uniformity of product. It 
requires uo more time and but slightly more labor 
to make six thousand pounds of milk imto cheese 
than six hundred. Few private dairies produce more 
than the latter amount, so that the combination of 
ten men in a factory will result in saving the labor 
of at least five men in the manufacture of the pro- 
duct. Then the cost of building the proper curing 
room is much less under the factory system than in 
the private dairy. Conditions of temperature and 
moisture can readily be secured for a large amount 
of cheese cured together, that would practically be im- 
possible if the same amount of cheese was distrib- 
uted in ten or a dozen parcels and cured separately. 

In associated butter making, while the same ad- 
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vantages hold true as in cheese making, they do not 
manifest themselves to the same degree. There is un- 
doubtedly a considerable saving of labor and a vastly 
more uniform product where the milk of many patrons 
is manufactured into butter in a well equipped 
creamery under skilful supervision, but it is scarcely 
possible for a creamery handling the milk of many 
cows, scattered over a wide area and under the care 
of many persons, to make butter of so uniformly fine 
quality as is possible where not only the milk, from 
the time it is drawn until the finished product is 
sent to market, but the care and food of the cows 
as well, are under the same _ skilful supervision. 
One of the chief advantages of both the cheese and 
butter factory system is that it removes from the 
farm, and particularly from the farm home, a large 
amount of drudgery that in far too many cases fell 
upon those least able to bear it, the women of the 
household; so that while the butter of the very high- 
est quality will probably for many vears to come be 
made in relatively small individual or private dairies 
upon farms, still the factory system is increasing 
very rapidly, and will continue to do so until pro- 
portionately as much butter as cheese is made in 
factories. 

Condensed milk.—in 1856 a patent was granted 
to Gail Borden, Jr., ou a process for “concentrating 
sweet milk by evaporation in vacuo, having no sugar 
or other foreign matter mixed with it.” From small 
beginnings the business has grown to enormous pro- 
portions, and is still largely in the hands of the 
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descendants of the original patentee. At the present 
time the condensed product is made both with 
or without the addition of sugar, and is sold in 
bulk or in hermetically sealed cans, in which latter 
form it may be preserved for en indefinite time. 
By far the larger portion of thc product is made 
with the addition of sugar, and is put up in cans. 

According to Dr. Babeock, in the plain condensed 
milk the water is reduced to about 59 per cent, the 
other constituents being increased in proportion, while 
the sugared product contains about 25 per cent of 
water and 386 per cent of cane sugar. 

The successful condensation of milk requires that 
the milk be produced under the best hygienic condi- 
tions and from the purest and most wholesome foods. 
Consequently we find among the patrons of condens- 
ing factories a highly developed state of dairy hus- 
bandry. 


Dairy legislation.—Dairy legislation in the United 
States has had two main objects. First, to secure 
to consumers of milk an unadulterated product. This 
has resulted in the establishment in many states of 
arbitrary legal standards for the quality of milk, and 
in others the passage of general laws prohibiting the 
adulteration of milk in any way (See appendix C). 
Still, more than half the states have no laws what- 
ever in regard to the sale of milk, though most of 
the large cities in these states have adopted municipal 
regulations of the same general nature as the state 
laws. 


The second object of dairy legislation has been to 
P 
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guarantee the quality of a dairy product or to pre- 
vent the sale of a spurious product for a genuine one. 
The introduction of the manufacture of artificial but- 
ter or oleomargarine has led to both national and state 
regulation. The manufacture of oleomargarine, and 
particularly its sale as genuine butter, caused a great 
injury to the manufacturers of the genuine product, 
both in the sale of their goods and the prices re- 
ceived for the same. The state of New York was 
one of the first, if not the very first, to enact regu- 
lations controlling the sale of the imitation product, 
and in 1884 passed a law prohibiting the manufac- 
ture and sale of imitation butter within the limits of 
the state. This law was the subject of much litiga- 
tion, but has been upheld by the state and national 
courts. It has been pretty thoroughly enforced, and 
is still in operation. In 1886 the National Govern- 
ment passed a law imposing an income tax of two 
eents per pound upon all imitation butter made in 
the country, and levying special license taxes upon 
those engaged in its manufacture and sale. This has 
resulted in a measurable control of the product, and 
with the supplemental laws that have been passed in 
a large number of the states the matter is now under 
careful and strict regulation. These laws have not 
resulted, as was fondly hoped by many dairymen, in 
absolutely stopping the manufacture of imitation but- 
ter, but have resulted in a great improvement in the 
quality of the imitation goods and in securing inno- 
cent purchasers against fraud in palming off upon 
them a spurious for a genuine article. At the same 
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time, the cheaper imitation butter has crowded out of 
the market the poorer grades of genuine butter, and 
so improved the general average quality of genuine 
butter. 

More recently the manufacture of so-called filled 
cheese has been regulated in the same way, by the 
passage by the National Congress, in 1896, of a 
law similar to the oleomargarine act, placing a rev- 
enue tax upon all filled cheese manufactured, and a 
license tax upon the manufacturers and dealers. 
This filled cheese is made from skimmed milk, to 
which has been added a certain amount of neutral 
animal fat. 

Within the past twenty years the practice of mak- 
ing cheese from skimmed or partially skimmed milk 
has spread widely throughout the United States. The 
result has been that the reputation of American cheese 
has greatly fallen in the market, both abroad and at 
home. A remedy has been sought by the passage in 
several states, notably New York and Wisconsin, of 
laws authorizing the use, on cheese made from whole 
milk, of “State Brands” guaranteeing the quality of 
cheese so branded. While cheese-makers were at 
first not inclined to take advantage of these laws, 
the “State Brands’’ are now extensively used with 
very gratifying results as to the reputation of cheese 
so branded in the general markets. 


Dairy markets.—In no one particular has the dairy 
industry developed in recent years more than in the 
line of production throughout the year. Formerly 
almost the whole product was made during the warm 
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months. This is measurably so still in the case of 
cheese, but the demand has been constantly increas- 
ing for fresh butter the year round, and at the pres- 
ent time a fairly large proportion of the whole output 
is made during the winter months, the fresh butter 
commanding anywhere from two to ten cents per 
pound more than equally good butter that has been 
held in storage for several months. Very recently, 
with improvements in the methods of refrigeration 
and cold storage, the price of stored butter of the 
highest quality is reaching nearer to that of the 
fresh made goods, but the best consumers still con- 
tinue to call for a fresh article. 
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APPENDIX. 
A, USEFUL RULES AND TESTS. 


CoMPARISON OF THERMOMETER SCALES. 


Centigrade Scale—Freezing point of water = 0 
Boiling point of water = 100 

Difference 100 degrees. 
Fahrenheit Scale—Freezing point of water = 32 
Boiling point of water = 212 


Difference 180 degrees. 


100 degrees C. = 180 degrees F. 
5 oe 9 ba 


To CHANGE DEGREES CENTIGRADE TO EQUIVALENT DEGREES 
FAHRENHEIT. 


Multiply by 9-5 and add 32;-¢. g.. 65° C. X 9-5 = 117 + 32 = 
149° F 


To CHANGE DEGREES FAHRENHEIT TO EQUIVALENT DEGREES 
CENTIGRADE. 


Subtract 32 and multiply by 5-9; ¢. g.. 98° F. — 32 = 66 5-9 
= 37°— C. 


To Finp THE SPECIFIC GRAVITY BY THE “BOARD oF HEALTH” 


LACTOMETER. 


Multiply the reading by .29 and add 1.000; v. g.: Observed reading, 
94 X .29 = 27.26 + 1.000 = 1.027.+ specific gravity. 


(231 ) 
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To CHance “BoarD orf HEALTH” LACTOMETER DEGREES TO 
EQUIVALENT QUEVENNE DEGREES. 


Multiply the “Board of Health” reading by .29; «¢. g.: “Board 
of Health” reading, 105 K .29 = 30.45 = 30+ Quevenne reading. 


To CHANGE QUEVENNE LACTOMETER DEGREES TO EQUIVALENT 
“BoarRD OF HEALTH” DEGREES. 


Divide the observed Quevenne reading by .29; e. g.; Quevenne 
reading, 34 + .29 = 117.+ ordinary or “Board of Health” reading. 


TEMPERATURE CORRECTION FOR LACTOMETER. 


For Quevenne lactometer, .1 lactometer degree for each degree of 
temperature F. 

For ordinary or “Board of Health” lactometer, 1 lactometer degree 
for each 3 degrees of temperature F. 

To be added if the temperature is too high, or subtracted if it is 
too low. 

To be used only when the temperature variation is less than 10 
degrees from the standard of the lactometer. 


To Estimate Souips Not Fat, AND ToTaL SOLIDS, FROM THE 
SPECIFIC GRAVITY AND PER CENT OF Fart. 


The following formule may be used: 
Babeock (1) 8 = Lt-7f 


3.8 
Babcock (2) 8 = — 4.28 
Richmond (3) T = ee + ae + .14 


In the above L = corrected Quevenne lactometer reading, f = per 
cent of fat, S = solids not fat; T = total solids; solids not fat + 
fat = total solids. 

To apply the above formule, if the percentage of fat is 4.2 and 
the lactometer reading at 60° F. is 32, then 

a) s= LAT g_ 324.7 (42) 

3.8 3.8 
7 of 4.2 = 2.94 4 32 = 34.94 + 3.8 = 9.19 = solids not fat. 
9.19 + 4.2 = 13,39 = total solids, 
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(2) S= Spat, s= 2 2 (4.2) 
32 + 4 = 8, .2 (4.2) = .84, 8 + .84 = 8.84 = solids not fat. 
8.84 + 4.2 = 13.04 = total solids. 
5 1D: 
ye Do OE ae pe BP ig 
q 5 a 5 
42 8.6 X 42 HAs bo 5d. 
8 45.04 + 14 = 13.18 = total solids. 


Litmus TEst. 
A method of determining whether a liquid is acid or alkaline. 
In acid solutions, blue litmus turns red. 
In alkaline solutions, red litmus turns blue. 


PHENOLPHTHALEIN TEST. 
A method of determining whether a liquid is acid or alkaline. 
In acid solutions, if phenolphthalein is adted no change in color 
is produced. 
In alkaline solutions, if phenolphthalein is added the liquid turns 
pink. 


To DETERMINE THE PERCENTAGE OF Lactic AcID IN MILK BY THE 
Use or DECINORMAL ALKALI, OR FARRINGTON'S ALKALINE TABLETS. 


Hach ¢c. ¢. decinormal alkali neutralizes .009 grams lactic acid. 
Therefore, multiply the number of c. ce. decinormal alkali used by 
009 and divide the product by the number of grams of milk taken. 
(Grams = ¢. ve. X 1.082); ¢. g.; 20 c. c. of milk require 9 c. c. deci- 
normal alkali to neutralize the acid. The per cent of acid is— 

.009 < 9 = .081 grams lactic acid. 

-081 + 20.64 = .0039, or .89 %. 

Each alkaline tablet = 3.8 c. c. decinormal alkali. Each tablet 


is dissolved in 10 cv. c. water. Each c. c. tablet solution = .38 
¢. ¢. decinormal alkali. Therefore, each ¢. c. tablet solution will 
neutralize .009 x .38 = .0034 grams lactic acid. Therefore, mul- 
tiply the number of c. ¢. of tablet solution used by .0034 and 
divide by the number of grams of milk taken (grams = c. ¢. x 
1.082); e. g.. 


20 ¢. c. of cream require 35 c. c. of tablet solution to neutralize 
the acid. The per cent of acid is— 

0034 x 35 = .119 grams lactic acid. 

-119 + 20.64 = .0058, or .58%. 
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To Sevect MILK FOR PASTEURIZATION. 


Dissolve any convenient number of Farrington alkaline tablets in 
an equal number of ounces of water. Provide any convenient small 
measure, and to one measure of milk add two measures of the pre- 
pared tablet solution. If the milk remains uncolored, it contains 
more than .2 of 1 per cent of acid, and is too sour to be safely 
used. If it is colored pink, it contains less than .2 of 1 per cent 
of acid, and may safely be used for pasteurizing or sterilizing. 
Or, the tablet solution will be of very nearly the same strength, 
and may be used in the same way, if 3 tablets are dissolved in 90 
c. c. of water. 


To PREPARE ARTIFICIAL “ STARTER” OR FERMENT FOR RIPENING 
MILK OR CREAM. 

Sterilize ten pounds of fresh, sweet skimmed or whole milk at 
180° F. Cool to 90° F., and add sufficient dry lactic ferment to 
secure coagulation in twenty-four hours. When coagulated, add this 
to the extent of 10 per cent to enough sterilized whole or skimmed 
milk to make sufficient “starter” for one day's use. Reserve each 
day enough of this starter to prepare the starter for the next day, 
and use the remainder for ripening the milk or cream, using for 
this from 2 to 5 per cent, according to circumstances. Keep the 
starter as nearly as possible at a uniform temperature of 80° F. 


Monrap RENNET TEST. 

To determine the ripeness of milk for cheese making, put 5 ¢. c. 
commercial rennet in a 50 e. co. flask and fill with water to the 
mark. Put 200 c. c. of milk at 86° F. in a suitable tin cup, and 
allow it to float in the vat. Add 5c. vc. of the diluted rennet, and 
note carefully the time required for the first appearance of coagu- 
lation. The time required will depend upon che amount of milk 
and rennet used, the strength of the rennet, the temperature and 
the ripeness of the milk. All except the last remaining constant 
from day to day, the degree of ripeness is measured by the time 
required for coagulation. The riper the milk the shorter the time; 
ordinarily from one and one-half to two minutes will be required. 
The diluted rennet must be made fresh every day. 


MaRsScHALL RENNET TEST. 


To determine the ripeness of milk for cheese making, fill the 
vessel to the o mark with milk, add a pipette full of commercial 
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rennet, stir quickly, and place in such a position that the milk may 
flow freely from the orifice. When the milk ceases to flow, note the 
number of graduations exposed. The riper the milk the less the 
number of exposed graduations. 


Hort Iron TEstT. 


A test used to indicate the maturity of curd in cheese making. 
The maturity is usually coincident with the amount of lactic acid 
present, so that the test is commonly called the hot iron test for 
acid. 

The test is made by heating a bar of iron just short of redness, 
or so that it will hiss readily. A mass of curd is squeezed in the 
hand till all the whey possible is pressed out. The curd is then 
applied to the iron; the surface of the curd, melted by the heat, 
sticks to the iron, and the remainder is carefully and gently pulled 
away. If the curd is very immature, the melted part readily sep- 
arates from that not affected by the heat, but when more mature, 
numerous fine threads of casein are drawn out when the two parts 
are separated, the length of these threads depending upon the ma- 
turity of the curd, and commonly measured in terms of acid, thus, 
44-inch acid, 2-inch acid, ete. 


To CALIBRATE OR TEST THE ACCURACY OF GRADUATION OF 
GLASSWARE USED IN THE Bascock TEsT. 


Observe that the graduations are at equal distances apart. Fill 
the bottle carefully to the o point with clean rain water, wipe out 
the neck carefully, and add from a pipette or burette 2 ¢. ¢. water. 
It should fill the bottle exactly to the 10 point. Or, weigh the 
bottle filled with™clean rain water to the o point with delicate bal- 
ances, fill to the 10 point and weigh again. The difference in weight 
should be 2 grams. Or, into a dry, empty bottle put 2 ¢. ¢. or 
27.18 grams mercury, insert a tight-fitting plug carefully to the 10 
point, and invert the bottle; the mercury should just reach to the 
© point. The pipette should hold 17.6 grams of water, or 239 
grams of mercury. Any piece showing a discrepancy of 2 per cent 
should be discarded. 


To Test Burrer or CHEESE WITH THE BaBcock TssT. 


Weigh out on a balance sensitive to .1 gram, from 4 to 8 grams 
of the substance to be tested. Divide into small pieces and put 
into an ordinary test bottle, or bottle with detachable neck, with 
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about 10 c. c. of warm water. Add the acid, and complete the test 
in the ordinary way. The percentage of fat will be found by the 
following proportion : 


Weight of sample 18 :: observed reading : per cent of fat; or 


18 X observer reading __ per cent of fat; 
weight of sample 
e. g.: 4.8 grams of cheese tested, showed a reading of 9.2 per cent 
fat in the test bottle. The cheese contained : 


18% 9.2 


= 34.5 per cent fat. 
4.8 
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The meter is the primary unit of length. 


B. METRIC SYSTEM. 


Metric System. 


237 


It is equal to 


rasdstoath part of the distance measured on a meridian of 
the earth from the equator to the pole, and equals about 39.37 


inches. 
MeasuRES oF LENGQTH. EQUIVALENTS. 
Myriameter 10,000 meters 6.2187 miles 
. “ 0.62137 mile, or 
Kilometer 1,000 } ee 
Hectometer 100 a 828 ft. Lin. 
Dekameter 10 Ba 893.7 in. 
Meter 1 meter 39.87 in. 
Decimeter A a 8.987 in. 
Centimeter or 8937 in. 
Millimeter 001. 03987 in. 
MEssSuRES OF SURFACE. EQUIVALENTS. 
Hectare 10,000 sq. meters 2.471 acres 
Are 100 ‘ “ 119.6 sq. yards 
Centare 1 ‘* meter 1550. sq. inches. 


MEasuURES OF Capacity. 


EQUIVALENTS. 


oe Cusic Measure. | Dey Measure. Ges ee caiad 

Kiloliter, or Stere {1000 1 ecu. meter 1.308 cu. yards 264.17 gal. 
Hectoliter 100 oi od 2 bu. 3.85 pks. 26.417 gal. 
Dekaliter 10 10 cu. decimeters | 9.08 quarts 2.6417 gal. 
Liter 1 1 cu. decimeter -909 quart 1.0567 qts. 
Deciliter a Be Ge 6.1022 cu. inches 845 gill 
Centiliter -01 }10 cu. centimeters] .6102 cu. inch -338 fl. oz. 
Milliliter 001] .1cu. centimeter] .061 “ .27 fl. dram 
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System or WEIGHTS. EQuiIVALENTS. 
WEIGHT OF WATER AVOIRDUPOIS 
NOOR Maximum Density. WEIGHT. 
Millier, or Tonneau 1,000,000 1 cu. meter 2204.6 pounds 
Quintal 100,000 1 hectoliter 220.46 “ 
Myriagram 10,000 1. dekaliter 22.046 * 
Kilogram, or Kilo 1,000 1 liter 2.2046 “* 
Hectogram 100 1. deciliter 3.5274 oz. 
Dekagram 10 10 cu. centimeters +8527 ** 
Gram 1 1 cu. centimeter 15.482 grains 
Decigram A a ne 1.5432 ‘ 
Centigram -01 10 cu. millimeters -1548 grain 
Milligram 001 1 ‘ millimeter 0154 
Common Equiva.ents. COMMON Equrvarznrs 
MEASURE, MEASURE. 3 
An inch 2.54 centimeters A cu. yard 7646 cu. meter 
A foot 3048 meter A cord 3.624 steres 
A yard. 9144 A liquid qt. -9465 liter 
A rod 5.029 meters A gallon 3.786 liters 
A mile 1,6093 kilometers A dry qt. 1.101 “ 
A sq. inch 6.452 sq. centimeters] A peck 8.811 ‘ 
A‘ foot .0929 sq. meter A bushel 35.24“ 
A “ yard 8861 An oz. avoirdupois | 28.35 grams 
A“ rod 25.29 sq. meters A pound -4536 kilogram 
An acre -4047 hectare A ton -9072 tonneau 
A sq. mile 259 hectares, A grain troy -0648 gram 
Aen, inch 16.89 cu. centimeters| Anoz. ‘‘ 31.104 grams 
A‘ foot -02832 cu. meter A pound “ .3732 Kilogram 
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C. LEGAL STANDARDS FOR MILK—DAIRY LAWS. 


The following states and territories; viz., Alabama, Arizona, 
Arkansas, California, Colorado, Connecticut, Delaware, Florida, Idaho, 
Illinois, Kansas, Kentucky, Louisiana, Maryland, Mississippi, Mis- 
souri, Montana, Nebraska, Nevada, New Mexico, North Carolina, 
North Dakota, Oklahoma, South Dakota, Tennessee, Texas, Virginia, 
West Virginia and Wyoming, have established no legal standard. 

The Dominion of Canada, Indiana and Utah have general laws 
prohibiting dilution or skimming. 

In the other states the percentage standards are as follows: 


Specific Total 
gravity. solids, %. Fats, %. 


District of Columbia ....... = .. ee 12 3 
Georgia. ..... ae <4 ey 12 3.5 
Iowa . . 5 ae 3 4 3 
Maine . ° 12 3 
Massachusetts Gaia to Aug., incladioah 12 3 
a (Sept. to Mar., inclusive) oh. Be 13 3.7 
“Michigan 1.029-1.033 12.5 3 
Minnesota... . 13 3.5 
New Hampshire . - cla 13 
New Jersey a = ters 12 
New York 2 5 12 3 
Ohio (May and June) 5 i oy oF 11.5 2.88 
“(July to April, taelusive) » F 12 3 
Oregon > 00 12 3 
Pennsylvania* é + + 1.029-1.033 12.5 3 
Rhode Island am . 12 2.5 
South Caroling. . a ss 11.5 3 
Vermont (May and June) . . 7 Bn 12 
“(July to April, inclusive) . . ; 12.5 3.25 
Washington . 3 
Wisconsin c F ~ 3 


The full texts of the national oleomargarine and filled cheese laws 
are as follows: 


* Applies only to cities of the second class. 
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THE OLEOMARGARINE LAW, 


AN ACT defining butter, also imposing a tax upon and regulating the manu- 
facture, sale, importation and exportation of oleomargarine. 


Be it enacted by the Senate and House of Representatives of the 
United States of America in Congress assembled, That for the pur- 
pose of this act the word “butter” shall be understood to mean 
the food product usually known as butter, and which is made exclu- 
sively from milk or cream, or both, with or without common salt, 
and with or without additional coloring matter. 


Section 2. That for the purposes of this act certain manufac- 
tured substances, certain extracts, and certain mixtures and com- 
pounds, including such mixtures and compounds with butter, shall 
be known and designated as “ oleomargarine ;” namely: All sub- 
stances heretofore known as oleomargarine, oleo, oleomargarine oil, 
butterine, Jardine, suine and neutral; all mixtures and compounds 
of oleomargarine, oleo, oleomargarine-oil, butterine, lardine, suine, 
and neutral; all lard extracts and tallow extracts; and all mix- 
tures and compounds of tallow, beef-fat, suet, lard, lard-oil, veg- 
etable-oil, annatto and other coloring matter, intestinal fat, and offal 
fat made in imitation or semblance of butter, or when so made 
calculated or intended to be sold as butter, or for butter. 


Src. 3. That special taxes are imposed as follows: 

Manufacturers of oleomargarine shall pay six hundred dollars. 
Every person who manufactures oleomargarine for sale shall be 
deemed a manufacturer of oleomargarine. 

Wholesale dealers in oleomargarine shall pay four hundred and 
eighty dollars. Every person who sells or offers for sale oleomar- 
garine in the original manufacturer’s packages shall be deemed a 
wholesale dealer in oleomargarine. But any manufacturer of oleo- 
margarine who has given the required bond and paid the required 
special tax, and who sells only oleomargarine of his own produc- 
tion, at the place of manufacture, in the original packages to which 
the tax-paid stamps are affixed, shall not be required to pay the 
special tax of a wholesale dealer in oleomargarine on account of 
such sales. 

Retail dealers in oleomargarine shall pay forty-eight dollars. 
Every person who sells oleomargarine in less quantities than ten 
pounds at one time shall be regarded as a retail dealer in oleo- 
margarine. And sections thirty-two hundred and thirty-two, thirty- 
two hundred and thirty-three, thirty-two hundred and thirty-four, 
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thirty-two hundred and thirty-five, thirty-two hundred and _ thirty- 
six, thirty-two hundred and thirty-seven, thirty-two hundred and 
thirty-eight, thirty-two hundred and thirty-nine, thirty-two hundred 
and forty, thirty-two hundred and forty-one, and thirty-two hundred 
and forty-three of the Revised Statutes of the United States are, so 
far as applicable, made to extend to and include and apply to the 
special taxes imposed by this section, and to the persons upon 
whom they are imposed. 


Sec. 4. That every person who carries on the business of a 
manufacturer of oleomargarine without having paid the special tax 
therefore, as required by law, shall, besides being liable to the 
payment of the tax, be fined not less than one thousand and not 
more than five thousand dollars; and every person who carries on 
the business of a wholesale dealer in oleomargarine without having 
paid the special tax therefor, as required by law, shall, besides 
being liable to the payment of the tax, be fined not less than five 
hundred nor more than two thousand dollars; and every person 
who carries on the business of a retail dealer in oleomargarine 
without having paid the special tax therefor, as required by law, 
shall, besides being liable to the payment of the tax, be fined not 
less than fifty nor more than five hundred dollars for each and 
every offense. 


Sec. 5, That every manufacturer of oleomargarine shall file with 
the collector of internal revenue of the district in which his man- 
ufactory is located such notices, inventories and bonds, shall keep 
such books and render such returns of material and _ products, 
shall put up such signs and affix such number to his factory, 
and conduct his business under such surveillance of officers and 
agents, as the Commissioner of Internal Revenue, with the appro- 
val of the Secretary of the Treasury, may, by regulation, require. 
But the bond required of such manufacturer shall be with sureties 
satisfactory to the collector of internal revenue, and in wa penal 
sum of not less than five thousand dollars; and the sum of said 
bond may be increased from time to time and additional sureties re- 
quired at the discretion of the collector, or under instructions of 
the Commissioner of Internal Revenue. 


Sec. 6. That all oleomargarine shall be packed by the manu- 
facturer thereof in firkins, tubs or other wooden packages, not be- 
fore used for that purpose, each containing not less than ten 
pounds, and marked, stamped and branded as the Commissioner of 
Internal Revenue, with the approval of the Secretary of the Treas- 
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ury, shall prescribe; and all sales made by manufacturers of oleo- 
margarine and wholesale dealers in oleomargarine shall be in 
original stamped packages. Retail dealers in oleomargarine must 
sell only from original stamped packages, in quantities not 
exceeding ten pounds, and shall pack the oleomargarine sold by 
them in suitable wooden or paper packages, which shall be marked 
and branded as the Commissioner of Internal Revenue, with the 
approval of the Secretary of the Treasury, shall prescribe. Every 
person who knowingly sells or offers for sale, or delivers or offers 
to deliver, any oleomargarine in any other form than in new wooden 
or paper packages as above described, or who packs in any pack- 
age any oleomargarine in any manner contrary to law, or who 
falsely brands any package or affixes a stamp on any package 
denoting a less amount of tax than that required by law, shall 
be fined for each offense not more than one thousand dollars and 
be imprisoned not more than two years. 


Sec. 7. That every manufacturer of oleomargarine shall securely 
affix, by pasting on each package containing oleomargarine manufac- 
tured by him, a label on which shall be printed, besides the number 
of the manufactory, and the district and state in which it is situ- 
ated, these words ‘‘ Notice.—The manufacturer of the oleomargarine 
herein contained has complied with all the requirements of law. 
Every person is cautioned not to use either this package again or 
the stamp thereon again, nor to remove the contents of this pack- 
age without destroying said stamp, under the penalty provided by 
law in such cases.’? Every manufacturer of oleomargarine who 
neglects to affix such label to any package containing oleomarga- 
rine made by him, or sold or offered for sale by or for him, and 
every person who removes any such label so affixed from any such 
package, shall be fined fifty dollars for each package in respect to 
which such offense is committed, 


Sec. 8. That upon oleomargarine which shall be manufactured 
and sold, or removed for consumption or use, there shall be assessed 
and collected a tax of two cents per pound, to be paid by the 
manufacturer thereof; and any fractional part of a pound in a 
package shall be taxed as a pound. The tax levied by this sec- 
tion shall be represented by coupon stamps; and the provisions of 
existing laws governing the engraving, issue, sale, accountability, 
effacement, and destruction of stamps relating to tobacco and snuff, 
as far as applicable, are hereby made to apply to stamps provided 
for by this section. 
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Src. 9. That whenever any manufacturer of oleomargarine sells, 
or removes for sale or consumption, any oleomargarine upon which 
the tax is required to be paid by stamps, without the use of the 
proper stamps, it shall be the duty of the Commissioner of Internal 
Revenue, within a period of not more than two years after such 
sale or removal, upon satisfactory proof, to estimate the amount 
of tax which has been omitted to be paid, and to make an assess- 
ment therefor and certify the same to the collector, The tax so 
assessed shall be in addition to the penalties imposed by law for 
such gale or removal. 


Sec. 10. That all oleomargarine imported from foreign countries 
shall, in addition to any import duty imposed on the same, pay an 
internal revenue tax of fifteen cents per pound, such tax to be 
represented by coupon stamps as in the case of oleomargarine 
manufactured in the United States. The stamps shall be affixed 
and canceled by the owner or importer of the oleomargarine while 
it is in the custody of the proper custom-house officers; and the 
oleomargarine shall not pass out of the custody of said officers 
until the stamps have been so, affixed and canceled, but shall be put 
up in wooden packages, each containing not less than ten pounds, 
as prescribed in this act for oleomargarine manufactured in the 
United States, before the stamps are affixed; and the owner or 
importer of such oleomargarine shall be liable to all the penal 
provisions of this act prescribed for manufacturers of oleomargarine 
manufactured in the United States. Whenever it is necessary to 
take any oleomargarine so imported to any place other than the 
public stores of the United States for the purpose of affixing and can- 
celing such stamps, the collector of customs of the port where such 
oleomargarine is entered shall designate a bonded warehouse to which 
it shall be taken, under the control of such customs officer as such 
collector may direct; and every officer of customs who permits 
any such oleomargarine to pass out of his custody or control with- 
out compliance by the owner or importer thereof with the provi- 
sions of this section relating thereto, shall be guilty of a misde- 
meanor, and shall be fined not less than one thousand dollars nor 
more than five thousand dollars, and imprisoned not less than six 
months nor more than three years. Every person who sells or 
offers for sale any imported oleomargarine, or oleomargarine pur- 
porting or claimed to have been imported, not put up in pack- 
ages and stamped as provided by this act, shall be fined not less 
than five hundred dollars nor more than five thousand dollars, 
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and be imprisoned not less than six months nor more than two 
years. 

Sec. 11. That every person who knowingly purchases or receives 
for sale any oleomargarine which has not been branded or stamped 
according to law shall be liable to a penalty of fifty dollars for 
each such offense. 

Sec. 12. That every person who knowingly purchases or receives 
for sale any oleomargarine from any manufacturer who has not 
paid the special tax shall be liable for each offense to a penalty 
of one hundred dollars, and to a forfeiture of all articles so pur- 
chased or received, or of the full value thereof. 


Sec. 13. That whenever any stamped package containing oleomar- 
garine is emptied, it shall be the duty of the person in whose hands 
the same is, to destroy utterly the stamps thereon; and any per- 
son who willfully neglects or refuses so to do shall for each such 
offense be fined not exceeding fifty dollars, and imprisoned not less 
than ten days nor more than six months, And any person who 
fraudulently gives away or accepts from another, or who sells, buys, 
or uses for packing oleomargarine, any such stamped package, shall 
for each such offense be fined not exceeding one hundred dollars, 
and be imprisoned not more than one year. Any revenue officer 
may destroy any emptied oleomargarine package upon which the tax- 
paid stamp is found. 

Sec. 14. That there shall be in the office of the Commissioner 
of Internal Revenue an analytical chemist and a microscopist, who 
shall each be appointed by the Secretary of the Treasury, and shall 
each receive a salary of two thousand five hundred dollars per an- 
num; and the Commissioner of Internal Revenue may, whenever in 
his judgment the necessities of the service so require, employ chem- 
ists and microscopists, to be paid such compensation as he may 
deem proper, not exceeding in the aggregate any appropriation made 
for that purpose. And such Commissioner is authorized to decide 
what substances, extracts, mixtures or compounds which may be sub- 
mitted for his inspection in contested cases are to be taxed under 
this act; and his decision in matters of taxation under this act 
shall be final. The Commissioner may also decide whether any 
substance made in imitation or semblance of butter, and intended 
for human consumption, contains ingredients deleterious to the pub- 
lic health; but in case of doubt or contest his decisions in this 
class of cases may be appealed from to a board hereby constituted 
for the purpose, and CPA e Sd pecans conerel of the Army, 
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the Surgeon-General of the Navy, and the Secretary of Agricul- 
ture; and the decisions of this board shall be final in the prem- 
ises. 

Sec, 15. That all packages of oleomargarine subject to tax under 
this act that shall be found without stamps or marks as herein pro- 
vided, and all oleomargarine intended for human consumption which 
contains ingredients adjudged, as hereinbefore provided, to be del- 
eterious to the public health, shall be forfeited to the United States. 
Any person who shall willfully remove or deface the stamps, marks, 
or brands on package containing oleomargarine taxed as provided 
herein shall be guilty of a misdemeanor, and shall be punished by 
a fine of not less than one hundred dollars nor more than two thou- 
sand dollars, and by imprisonment for not less than thirty days nor 
more than six months. 


Sec. 16. That oleomargarine may be removed from the place of 
manufacture for export to a foreign country without payment of 
tax or affixing stamps thereto, under such regulations and the fil- 
ing of such bonds and other security as the Commissioner of In- 
ternal Revenue, with the approval of the Secretary of the Treas- 
ury, may prescribe. Every person who shall export oleomargarine 
shall brand upon every tub, firkin, or other package containing such 
article the word “oleomargarine,” in plain Roman letters not less 
than one-half inch square. 


Sec. 17. That whenever any person engaged in carrying on the 
business of manufacturing oleomargarine defrauds, or attempts to 
defraud, the United States of the tax on the oleomargarine pro- 
duced by him, or any part thereof, he shall forfeit the factory and 
manufacturing apparatus used by him, and all oleomargarine and 
all raw material for the production of oleomargarine found in the 
factory and on the factory premises, and shall be fined not less than 
five hundred dollars, nor more than five thousand dollars, and be 
imprisoned not less than six months nor more than three years. 


Sec. 18. That if any manufacturer of oleomargarine, any dealer 
therein, or any importer or exporter thereof shall knowingly or 
willfully omit, neglect or refuse to do, or cause to be done, any of 
the things required by law in the carrying on or conducting of his 
business, or shall do anything by this act prohibited, if there be 
no specific penalty or punishment imposed by any other section of 
this act for the neglecting, omitting, or refusing to do, or for the 
doing or causing to be done, the thing required or prohibited, he 


shall pay a penalty of one thousand dollars; and if the person so 
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offending be the manufacturer of or w wholesale dealer in oleomar- 
garine, all the oleomargarine owncd by him, or in which he has 
any interest as owner, shall be forfeited to the United States. 


Src. 19. That all fines, penalties, and forfeitures imposed by 
this act may be recovered in any court of competent jurisdiction. 


Sec. 20. That the Commissioner of Internal Revenue, with the 
approval of the Secretary of the Treasury, may make all needful reg- 
ulations for the carrying into effect of this act. 


Sec. 21. That this act shall go into effect on the ninetieth day 
after its passage; and all wooden packages containing ten or more 
pounds of oleomargarine found on the premises of any dealer on 
or after the ninetieth day succeeding the date of the passage of 
this act shall be deemed to be taxable under section eight of this 
act, and shall be taxed, and shall have affixed thereto the stamps, 
marks, and brands required by this act or by regulations made 
pursuant to this act; and for the purposes of securing the affixing 
of the stamps, marks, and brands required by this act, the oleomar- 
garine shall be regarded as having been manufactured and sold, or 
removed from the manufactory for consumption or use, on or after 
tbe day this act takes effect; and such stock on hand at the time 
of the taking effect of this act may be stamped, marked, and 
branded under special regulations of the Commissioner of Internal 
Revenue, approved by the Secretary of the Treasury ; and the Com- 
missioner of Internal Revenue may authorize the holder of such 
packages to mark and brand the same and to affix thereto the pro- 
per tax-paid stamps. 

Approved August 2, 1886. 


THE FILLED CHEESE LAW. 


AN ACT defining cheese, and also imposing a tax upon, and regulating the 
manufacture, sale, importation and exportation of “filled cheese.’ 


Be it enacted by the Senate and House of Representatives of the 
“ United States of America in Congress assembled, That for the pur- 
poses of this act, the word “cheese” shall be understood to mean 
the food product known as cheese, and which is made from milk 
or cream, and without the addition of butter, or any animal, vege- 
table, or other oils or fats ai to such milk or cream, with or 
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Section 2. That for the purposes of this act certain substances 
and compounds shall be known and designated as “ filled cheese,” 
namely: All substances made of milk or skimmed milk, with the 
admixture of butter, animal oils or fats, vegetable or any other oils, 
or compounds foreign to such milk, and made in imitation or sem- 
blance of cheese. 

Src. 3. That special taxes are imposed as follows: 

Manufacturers of filled cheese shall pay four hundred dollars for 
cach and every factory per annum. Every person, firm, or corpora- 
tion who manufactures filled cheese for sale shall be deemed a man- 
ufacturer of filled cheese. Wholesale dealers in filled cheese shall pay 
two hundred and fifty dollars per annum. Every person, firm, or cor- 
poration who sells, or offers for sale filled cheese in the original man- 
ufacturer’s packages for resale, or to retail dealers as hereinafter de- 
fined, shall be deemed a wholesale dealer in filled cheese. But any 
manufacturer of filled cheese who has given the required bond and 
paid the required special tax, and who sells only filled cheese of his 
own production, at the place of manufacture, in the original pack- 
ages, to which the tax-paid stamps are affixed, shall not be required 
to pay the special tax of a wholesale dealer in filled cheese on ac- 
count of such sales. 

Retail dealers in filled cheese shall pay twelve dollars per annum. 
Every person who sells filled cheese at retail, not for resale, and 
for actual consumption, shall be regarded as a retail dealer in filled 
cheese, and sections thirty-two bundred and _ thirty-two, thirty-two 
hundred and thirty-three, thirty-two hundred and thirty-four, thirty- 
two hundred and thirty-five, thirty-two hundred and thirty-six, thirty- 
two hundred and thirty-seven, thirty-two hundred and thirty-eight, 
thirty-two hundred and thirty-nine, thirty-two hundred and forty, thir- 
ty-two hundred and forty-one, thirty-two hundred and forty-three of 
the Revised Statutes of the United States are, so far as ayplicable, 
made to extend to and include and apply to the special taxes im- 
posed by this section and to the persons, firms, or corporations upon 
whom they are imposed: Provided, That all special taxes under this 
act shall become due on the first day of July in every year, or on 
commencing any manufacture, trade, or business on which said tax 
is imposed. In the latter case the tax shall be reckoned propor- 
tionately from the first day of the month in which the liability to 
the special tax commences to the first day of July following. 


Sec. 4 That every person, firm or corporation who carries on the 
business of a manufacturer of filled cheese without having paid the 
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special tax therefor, as required by law, shall, besides being liable 
to the payment of the tax, be fined not less than four hundred dol- 
lacs and not more than three thousand dollars; and every person, 
firm, or corporation who carries on the business of a wholesale dealer 
in filled cheese without having paid the special tax therefor, as re- 
quired by law, shall, besides being liable to the payment of the tax, 
be fined not less than two hundred and fifty dollars, nor more than 
one thousand dollars; and every person, firm, or corporation, who car- 
ries on the business of a retail dealer in filled cheese without having 
paid the special tax therefor, as required by law, shall, besides being 
liable for the payment of the tax, be fined not less than forty nor 
more than five hundred dollars for each and every offense. 


Sec. 5. That every manufacturer of filled cheese shall file with 
the collector of internal revenue of the district in which his man- 
ufactory is located, such notices, inventories, and bonds, shall keep 
such books and render such returns of materials and products, shall 
put up such signs and affix such number to his factory, and con- 
duct his business under such surveillance of officers and agents as 
the Commissioner of Internal Revenue, with the approval of the 
Secretary of the Treasury, may by regulation require. But the bond 
required of such manufacturer shall be with sureties satisfactory to 
the collector of internal revenue, and in a penal sum of not less than 
five thousand dollars; and the amount of said bond may be in- 
creased from time to time, and additional sureties required, at the 
discretion of the collector or under instructions of the Commissioner 
of Internal Revenue. Any manufacturer of filled cheese who fails 
to comply with the provisions of this section, or with the regula- 
tions herein authorized, shall be deemed guilty of a misdemeanor, 
and upon conviction thereof shall be fined not less than five hun- 
dred nor more than one thousand dollars. 


Src. 6. That filled cheese shall be packed by the manufacturers 
in wooden packages only, not before used for that purpose, and 
jnarked, stamped, and branded with the words “filled cheese,” in 
black-faced letters not less than two inches in length, in a circle 
in the center of the top and bottom of the cheese; and in black- 
faced letters of not less than two inches in length in line from 
the top to the bottom of the cheese, on the side in four places 
equidistant from each other; and the package containing such cheese 
shall be marked in the same manner, and in the same number of 
places, and in the same description of letters as above provided for 
the marking of the cheese; and all sales or consignments made by 
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manufacturers of filled cheese to wholesale dealers in filled cheese 
or to exporters of filled cheese shall be in original stamped pack- 
ages. Retail dealers in filled cheese shall sell only from original 
stamped packages, and shall pack the filled cheese, when sold, in 
suitable wooden or paper packages which shall be marked and branded 
in accordance with the rules and regulations to be prescribed by the 
Commissioner of Internal Revenue, with the approval of the Secre- 
tary of the Treasury. Every person who knowingly sells or offers 
to sell, or delivers or offers to deliver, filled cheese in any other 
form than in new wooden or paper packages, marked and branded 
as hereinbefore provided and as above described, or who packs in any 
package or packages filled cheese in any manner contrary to law, 
or who falsely brands any package or affixes a stamp on any pack- 
age denoting a less amount of tax than that required by law, shall 
upon conviction thereof be fined for each and every offense not 
less than fifty dollars and not more than five hundred dollars, 
or be imprisoned not less than thirty days nor more than one 
year. 

Sec. 7. That all retail and wholesale dealers in filled cheese 
shall display in a conspicuous place in his or their salesroom a sign 
bearing the words, “ Filled cheese sold here” in black-faced letters not 
less than six inches in length, upon w white ground, with the name 
and number of the revenue district in which his or their business 
is conducted; and any wholesale or retail dealer in filled cheese 
who fails or neglects to comply with the provisions of this section 
shall be deemed guilty of « misdemeanor, and shall on conviction 
thereof be fined for each and every offense not less than fifty dol- 
lars and not more than two hundred dollars. 


Sec. 8. That every manufacturer of filled cheese shall securely 
affix, by pasting on each package containing filled cheese manufac- 
tured by him, a label on which shall be printed, besides the num- 
ber of the manufactory and the district and state in which it is 
situated, these words: * Notice.—The manufacturer of the filled checse 
herein contained has complied with all the requirements of the 
law. Every person is cautioned not to use either this package 
again or the stamp thereon again, nor to remove the contents of 
this package without destroying said stamp, under the penalty pro- 
vided by law in such cases.” Every manufacturer of filled cheese 
who neglects to affix such lgbel to any package containing filled 
cheese made by him or sold or offered for sale by or for him, 
and every person who removes any such label so affixed from any 
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such package, shall be fined fifty dollars for each package _in re- 
spect to which such offense is committed. 

Sec. 9. That upon all filled cheese which shall be manufactured 
there shall be assessed and collected a tax of one cent per pound, 
to be paid by the manufacturer thereof; and any fractional part of 
w pound in a package shall be taxed as a pound. The tax levied 
by this section shall be represented by coupon stamps; and the 
provisions of existing laws governing the engraving, issue, sale, 
accountability, effacement, and destruction of stamps relating to 
tobacco and snuff, as far as applicable, are hereby made to apply 
to stamps provided for by this section. 

Sec. 10. That whenever any manufacturer of filled cheeese sells 
or removes for sale or consumption any filled cheese upon which 
the tax is required to be paid by stamps, without paying such tax, 
it shall be the duty of the Commissioner of Internal Revenue, 
within a period of not more than two years after such sale or re- 
moval, upon satisfactory proof, to estimate the amount of tax which 
has been omitted to be paid and to make an assessment therefor 
and certify the same to the collector. The tax so assessed shall be 
in addition to the penalties imposed by law for such sale or removal. 


Sec. 11. That all filled cheese, as herein defined, imported from 
foreign countries shall, in addition to any import duty imposed on 
the same, pay an internal revenue tax of eight cents per pound, 
such tax to be represented by coupon stamps; and such imported 
filled cheese and the packages containing the same shall be stamped, 
marked, and branded, as in the case of filled cheese manufactured 
in the United States. 

Sec. 12. That any person who knowingly purchases or receives 
for sale any filled cheese which has not been branded or stamped 
according to law, or which is contained in packages not branded 
or marked according to law, shall be liable to a penalty of fifty 
dollars for each such offense. 

Sec. 13. That every person who knowingly purchases or receives 
for sale any filled- cheese from any manufacturer or importer who 
has not paid the special tax herein provided for shall be liable, 
for each offense, to a penalty of one hundred dollars, and to w for- 
feiture of all articles so purchased or received, or of the full value 
thereof. 

Src. 14. That whenever any stamped package containing filled 
cheese is emptied it shall be the duty of the person in whose 
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hands the same is to destroy the stamps thereon; and any person 
who willfully neglects or refuses so to do shall, for each such 
offense, be fined not exceeding fifty dollars or imprisoned not less 
than ten days nor more than six months. 

Sec. 15. That the Commissioner of Internal Revenue is author- 
ized to have applied scientific tests, and to decide whether any 
substances used in the manufacture of filled cheese contain ingre- 
dients deleterious to health. But in case of doubt or contest, his 
decision in this class of cases may be appealed from to a_ board 
hereby constituted for the purpose, and composed of the Surgeon- 
General of the Army, the Surgeon-General of the Navy, and the 
Secretary of Agriculture, and the decision of this board shall be 
final in the premises. 


Sec. 16. That all packages of filled cheese subject to tax under 
this act that shall be found without stamps or marks as_ herein 
provided, and all filled cheese intended for human consumption 
which contains ingredients adjudged as hereinbefore provided to be 
deleterious to the public health, shall be forfeited to the United 
States. 

Sec. 17. That all fines, penalties and forfeitures imposed by this 
act may be recovered in any court of competent jurisdiction. 


Sec. 18. That the Commissioner of Internal Revenue, with the 
approval of the Secretary of the Treasury, shall make all need- 
ful regulations for the carrying into effect the provisions of this 
act. 

Sec. 19. That this act shall go into effect on the ninetieth day 
after its passage, and all wooden packages containing ten or more 
pounds of filled cheese found on the premises of any dealer on 
and after the ninetieth day succeeding the date of the passage of 
this act, shall be deemed to be taxable under section nine of this 
act, and shall be taxed, and shall have affixed thereto the stamps, 
marks, and brands required by this act or by regulations made 
pursuant to this act; and for the purpose of securing the affixing 
of the stamps, marks, and brands required by this act, the filled 
cheese shall be regarded as having been manufactured and sold or 
removed from the manufactory for consumption or use on or after 
the day this act takes effect; and such stock on hand at the time 
of the taking effect of this act may be stamped, marked, and branded 
under special regulations of the Commissioner of Internal Revenue, 
approved by the Secretary of the Treasury; and the Commissioner 
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of Internal Revenue may authorize the holder of such packages to 
mark and brand the same and to affix thereto the proper tax-paid 
stamps. 

Approved June 6, 1896. 


THE NEW YORK LAW. 


The law of the state of New York is typical of the state laws 
governing the manufacture, sale, and adulteration of dairy products. 
It forms Article II. of Chapter XXXIII. of the General Laws; the 
latter being Chapter 338 of the Laws of 1893, passed April 10th, 
1893, and is as follows: 


ARTICLE II. 
Dairy Products. 


Src. 20. Definitions.—The terms butter and cheese, when used 
in this article, mean the products of the dairy, usually known by 
those terms, which are manufactured exclusively from pure, una- 
dulterated milk or cream or both, with or without salt or rennet, 
and with or without coloring matter or sage. The terms oleomar- 
garine, butterine, imitation butter or imitation cheese, shall be 
construed to mean any article or substance in the semblance of 
butter or cheese not the usual product of the dairy, and not made 
exclusively of pure and unadulterated milk or cream, or any such 
article or substance into which any oil, lard or fat not produced 
from milk or cream enters as a component part, or into which 
melted butter or butter in any condition or state, or any oil 
thereof, has been introduced to take the place of cream. The term 
adulterated milk, when so used, means: 


1. Milk containing more than 88 per centum of water or fluids. 

2. Milk containing less than 12 per centum of milk solids. 

3. Milk containing less than 3 per centum of fats. 

4. Milk drawn from cows within fifteen days before and five 
days after parturition. 

5. Milk drawn from animals fed on distillery waste, or any sub- 
stance in a state of fermentation or putrefaction, or on any un- 
healthy food. 

6. Milk drawn from cows kept in a crowded or unhealthy con- 
dition. 
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4“, Milk from which any part of the cream has been removed. 

8. Milk which has been diluted with water or any other fluid, 
or to which has been added or into which has becn introduced 
any foreign substance whatever. 

All adulterated milk shall be deemed unclean, unhealthy, impure 
and unwholesome. The terms pure milk or unadulterated milk, 
when used singly or together, mean sweet milk not adulterated, and 
the terms pure cream or unadulterated cream, when used singly 
or together, mean cream taken from pure and unadulterated milk. 


Src, 21. Care and feed of cows.—No person shall keep cows, 
for the production of milk for market or for sale or exchange, 
or for manufacturing the milk or cream from the same into any 
article of food, in wa crowded or unhealthy condition, or feed any 
such cows on distillery waste or on any substance in a state of 
putrefaction or fermentation, or upon any food that is unhealthy, 
or that produces impure, unhealthy, diseased or unwholsome milk. 
But this section shall not be construed to prohibit the feeding of 
ensilage. 


Src. 22. Prohibition of the sale of adulterated milk.—No person 
shall sell or exchange, or offer or expose for sale or exchange, 
any unclean, impure, unhealthy, adulterated or unwholesome milk 
or any cream from the same, or sell or exchange, or offer or expose 
for sale or exchange, any article of food made from such milk, or 
of or from cream from the same, or manufacture from any such 
milk or cream from the same, any article of food. 


Sec. 23. Regulations in regard to butter and cheese factories.— 
No person shall sell, supply or bring to be manufactured to any 
butter or cheese factory any milk diluted with water, or any un- 
clean, impure, unhealthy, adulterated or unwholesome milk, or milk 
from which any of the cream has been taken, except pure skim 
milk to skim-cheesg factories. No person shall sell, supply or 
bring to be manufactured to any butter or cheese factory any milk 
from which there has been kept back any part of the milk com- 
monly known as strippings, or any milk that is sour, except pure 
skim milk to skim-cheese factories. The owner or proprietor, or the 
persons having charge of any butter or cheese factory, not buying 
all the milk used by him, shall not use for his own benefit, or 
allow any of his employes or any other person to use for his own 
benefit, any milk, cream, butter or cheese or any other product 
thereof, brought to such factory, without the consent of the own- 
ers of such milk or the products thereof. Every butter or cheese 
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manufacturer not’ buying all the milk he uses, shall keep a cor- 
rect account of all the milk daily received, of the number of 
packages of butter and cheese made each day, and the number of 
packages and aggregate weight of cheese and butter disposed of 
each day; which account shall be open to inspection to any per- 
son who delivers milk to such factory. 


Sec. 24. Cans to be branded with the name of county.—No 
person shall sell or offer or expose for sale or exchange any milk, 
except in the county where produced, unless each can, vessel or 
package containing such milk shall be distinctly and durably branded 
with letters not less than one inch in length and of a suitable 
width to correspond with such length, and with suitable spaces be- 
tween the letters, on the outside, above the center, on every can, 
vessel or package containing such milk, the name of the county 
from which the same is produced; and the same letters shall be 
branded or painted in w conspicuous place on the carriage or 
vehicle in which the milk is drawn to be sold; and such milk 
shall not be sold by the producer outside of the county in which 
it is produced, except in or out of a can, vessel, package or car- 
riage or vehicle so marked. The foregoing prohibitions and provi- 
sions of this section shall not apply when milk is sold or delivered 
in glass ‘bottles. No milk shall be sold or delivered in glass bot- 
tles, except in the county where produced, unless such _ bottles 
shall have legibly blown, stamped, engraved, etched, impressed or 
moulded in the glass, or otherwise produced upon such bottles, the 
name of the vendor, or the same is on a label or cover affixed 
thereto, or there is some mark or device on or affixed to such 
bottles by which the vendor may be ascertained. 


Sec. 25. Regulations in regard to condensed milk. —No condensed 
milk shall be made or offered or exposed for sale or exchange un- 
less manufactured from pure, clean, healthy, fresh, unadulterated 
and wholesome milk from which the cream has not been removed 
either wholly or in part, or unless the proportion of milk solids 
shall be in quantity the equivalent of 12 per centum of milk 
solids in crude milk, and of which solids 25 per centum shall be 
fats. No person shall manufacture, sell or offer for sale or ex- 
change in hermetically sealed cans, any condensed milk unless put 
up in packages upon which shall be distinctly labeled or stamped 
the name of the person or corporation by whom made, and the 
brand by which or under which it is made. When condensed milk 
shall be sold from cans or packages not hermetically sealed, the 
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vendor shall brand or label such cans or packages with the name 
of the manufacturer of the milk contained therein. 


Suc. 26. Manufacture and sale of imitation butter prohibited.— 
No person, by himself, his agents or employes, shall produce or 
manufacture out of or from any animal fats or animal or vegetable 
oils not produced from unadulterated milk, or cream from the same, 
any article or product in imitation or semblance of natural butter 
produced from pure, unadulterated milk or cream of the same; nor 
shall any person solicit or take orders for the same, or offer the 
same for sale, or mix, compound with or add to milk, cream or 
butter any acids or other deleterious substance, or any animal fats 
or animal or vegetable oils not produced from milk or cream, so 
as to produce any article or substance, or any human food in imi- 
tation or in semblance of natural butter, nor sell, keep for sale or 
offer for sale any article, substance or compound made, manufac- 
tured or produced in violation of the provisions of this section, 
whether such article, substance or compound shall be made or pro- 
duced in this state or elsewhere. 


Szc. 27. Manufacture of * miring of animal fats with milk, 
cream or butter prohibited. —No person shall manufacture, mix, or 
compound with or add to natural milk, cream or butter any ani- 
mal fats or animal or vegetable oils, nor make or manufacture any 
oleaginous substance not produced from milk or cream, with intent 
to sell the same as butter or cheese made from unadulterated milk 
or cream or have the same in his possession with such intent ; nor 
shall any person solicit or take orders for the same or offer the 
same for sale, nor shall any such article or substance or compound, 
so made or produced, be sold as and for butter or cheese, the pro- 
duct of the dairy. No person shall coat, powder or color with 
annatto or any coloring matter whatever, butterine or oleomargarine 
or any compound of the same, or any product or manufacture 
made in whole or in part from animal fats or animal or vege- 
table oils not produced from unadulterated milk or cream by means 
of which such product, manufacture or compound shall resemble 
butter or cheese, the product of the dairy; nor shall he have the 
same in his possession with intent to sell the same, nor shall he 
sell or offer to sell the same. 


Suc. 28. Prohibited articles not to be furnished.—Nor keeper or 
proprietor of any bakery, hotel, boarding-house, restaurant, saloon, 


*So in the original. 
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lunch-counter or place of public entertainment, or any person hayv- 
ing charge thereof or employed thereat, or any person furnishing 
board for any others than members of his own family, or for any 
employes where such board is furnished for w compensation or as 
part of the compensation of any such employe, shall keep, use or 
serve therein, either as food for his guests, boarders, patrons, cus- 
tomers or employes, or for cooking purposes, any article or sub- 
stance made in violation of the provisions of this article. 


Sec. 29. Use of coloring matter prohibited.—No person manu- 
facturing with intent to sell any substance or article in imitation 
or semblance of butter or cheese not made exclusively from un- 
adulterated milk or cream, or both, with salt or rennet, or both, and 
with or without coloring matter or sage, but into which any animal, 
intestinal or offal fats, or any oils or fats or oleaginous substance 
of any kind not produced from from* pure, unadulterated milk or 
eream, or into which melted butter, or butter in any condition or 
state or any modification of the same, or lard or tallow shall be 
introduced, shall add thereto or combine therewith any annatto or 
compounds of the same, or any other substance or substances what- 
ever, for the purpose or with the effect of imparting thereto ua 
color resembling yellow, or any shade of yellow butter or cheese, 
nor introduce any such coloring matter or other substance into any 
of the articles of which the same is composed. 


Sec. 30. Manufacture and sale of imitation cheese prohibited.— No 
person shall manufacture, deal in, sell, offer or expose for sale or 
exchange any article or substance, in the semblance of or in imi- 
tation of cheese made exclusively of unadulterated milk or cream, 
or both, into which any animal, intestinal or offal fats or oils, or 
melted butter or butter in any condition or state or modification of 
the same, or oleaginous substances of any kind not produced from 
unadulterated milk or cream, shall be introduced. 


Sec. 31. When prohibitions do not apply to skim milk or skim 
cheese. —Except in the counties of New York and Kings, the pro- 
hibitions contained in this article against the sale of adulterated 
milk shall not apply to skim milk which is clean, pure, healthy, 
wholesome and unadulterated, except by skimming, sold for use in 
the county in which it is produced or an adjoining county, if it 
is sold for and as skimmed milk. The prohibitions in this article 
against the sale of cheese made from unadulterated milk or cream 


*So in the original. 
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shall not apply to pure skim cheese made from milk which is 
clean, pure, healthy, wholesome and unadulterated, except by skim- 
ming. 

Sec. 32. Packages to be branded with name of maker.—No man- 
ufacturer of receptacles for the package of butter shall sell or dis- 
pose of any such -receptacle without branding his name and the 
true weight of the receptacle upon the same with legible letters or 
figures not less than one-quarter of an inch in length. No person 
shall sell, or offer for sale, any package containing butter or lard 
packed by him unless the true weight thereof, with the initial let- 
ters of the name of the person packing such butter or lard, be 
marked or stamped in a legible manner on the side or head of such 
package. 

Sec. 33. Manufacturer's brand of cheese. —Every manufacturer 
of full milk cheese may put a brand upon each cheese indicating 
“full milk cheese,” and the date of the month and year when 
made, and no person shall use such a brand upon any cheese made 
from milk from which any of the cream has been taken. The 
Commissioner of Agriculture shall procure and issue to the cheese 
manufacturers of the state, on proper application therefor, and under 
such regulations as to the custody and use thereof as he may pre- 
scribe, » uniform stencil brand, bearing a suitable device or motto, 
and the words, “New York state full cream cheese.” Every such 
brand shall be used upon the outside of the cheese and upon the 
package containing the same, and shall bear a different number for 
each separate factory. The Commissioner shall keep a book, in 
which shall be registered the name, location and number of each 
manufactory using the brand, and the name or names of the per- 
sons at each manufactory authorized to use the same. No such 
brand shall be used upon any other than full-cream cheese or pack- 
ages containing the same. 

Sec. 34. Use of false brand prohibited.—No person shall offer, 
sell, or expose for sale, in any package, butter or cheese which is 
falsely branded or labeled. 

Sec. 35. County trade-marks.—At a regular or special meeting 
of a county dairyman’s association in any county of the state there 
may be adopted a county trade-mark, by a majority of the mem- 
bers present and voting, to be used as a trade-mark by am* 


*So in the original. 
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person manufacturing pure unadulterated butter or full-cream cheese 
in such county. The secretary of the association shall forthwith 
send to the Commissioner of Agriculture a copy of such trade-mark, 
which copy he shall place on file in his office, noting thereupon the 
day and hour he received the same. But one county trade-mark 
for butter and for cheese shall be placed on file for the same 
county. No association shall adopt any trade-mark of any county 
already on file, or use that of any other county in the formation 
of a trade-mark. 


Sec. 36. Object and intent of this article. —This article and each 
section thereof are declared to be enacted to prevent deception in 
the sale of dairy products; and to preserve the public health, which 
is endangered by the manufacture, sale and use of the articles or 
substances herein regulated or prohibited. 

Sec. 37. Penullies.—Every person violating any of the provisions 
of this article shall forfeit to the people of the state of New York 
the sum of one hundred dollars for every such violation. When 
such violation consists of the manufacture or production of any 
prohibited article, each day during which or any part of which such 
manufacture or production is earried on or continued shall be 
deemed a separate violation of the provisions of this article. When 
the violation consists of the sale, or the offering or exposing for 
sale or exchange of any prohibited article or substance, the sale of 
each one of several packages shall constitute a separate violation, 
and each day on which any such article or substance is offered or 
exposed for sale or exchange shall constitute a separate violation of 
this article. When the use of any such article or substance is 
prohibited, each day during which or any part of which said article 
or substance is so used or furnished for use shall constitute a 
separate violation, and the furnishing of the same for use to each 
person to whom the same may be furnished shall constitute a 
separate violation. 
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D. REFERENCES TO AGRICULTURAL EXPERIMENT 
STATION REPORTS AND BULLETINS. 


The following references will aid the student who desires to make 
a more thorough study of the subjects discussed. They are taken 
wholly from the literature of American agricultural investigations, 
and include only some of the more important articles. The Experi- 
ment Station Record and the Handbook of Experiment Station Work, 
both issued by the U. 8. Department of Agriculture, contain many 
condensed results of dairy investigation. 


CHAPTER I, 


Studies in Milk Secretion. Indiana Bull. No. 24, pp. 13-16. 

How is Milk Formed? Nevada Bull. No. 16, pp. 4-5. 

Elaboration of Milk. Ontario Rept. for 1893, pp. 165-166. 

Dividing Milkings. Indiana Bull. No. 24, pp. 10-13. 

Milking Two and Three Times per Day. Vermont Rept. for 
1890, pp. 90-96. 


CHAPTER II. 


The Composition of Milk. Ontario Bull. No. KXXIX. 

The Mineral Ingredients of Milk. Maine Rept. for 1890, part 
IL, pp. 52-57. 

The Constitution of Milk, and Some of the Conditions which 
Affect the Separation of Cream. Wisconsin Bull. No. 18. 

Conditions Affecting the Consistency of Milk. Wisconsin Rept. 
for 1896, pp. 73-80. 

Chemistry of Dairy Products. Ontario Rept. for 1890, pp. 237-241. 

Milk Analysis. Connecticut Rept. for 1886, pp. 119-130. 

Investigations Relating to the Composition of Milk. Wisconsin 
Rept. for 1890, pp. 114-119. 

Fibrin in Milk. Wisconsin Rept. for 1893, pp. 143-145. 

e Relation of Fat and Casein in Milk. Vermont Rept. for 1890, pp. 

-100. 

The Composition, Creaming and Churning of Colostrum. Vermont 
Rept. for 1891, pp. 104-108. 

The Fat Globules of Milk. New York for Rept. 1885, pp. 266- 
275; Wisconsin Rept. for 1894, pp. 223-239; Ontario Rept. for 1885, 
pp. 127-130. 
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The Effects of Feed Upon the Quality of Milk. Iowa Bull. No. 14, 
pp. 123-142; New Hampshire Rept. for 1893, pp. 138-155, and Bull. 
No. 9; Bull. No. 16; Bull. No. 18; Bull. No. 20. 

Tests of Several Breeds of Dairy Cows. A Study of Dairy Pro- 
ducts. Maine Rept. for 1889, pp. 106-134. The test is continued in 
Rept. for 1890, Part II., pp. 17-42. 

Corn Silage for Milech Cows. New York (State) Bull. No. 97, 
New Series. 

Investigations of the Several Breeds of Dairy Cattle. New York 
(State) Reports for 1891, 1892, 1893, 1894. 

On the Effects of Feeding Fat to Cows. New York (Cornell) 
Bull. No. 92. 

Variations in Milk. Illinois Bull. No. 17, pp. 9-16, and Bull. No. 24. 

The Influence of Advancing Lactation upon the .Production of But- 
ter and Cheese. New York (State) Rept. for 1891, pp. 369-389. 

Effects of Drouth upon Milk Production. New York (State) Bull. 
No. 105. New Series. 

Variations in Milk. Vermont Rept. for 1891, pp. 61-74. 

Variations in Quantity and Quality of Milk. Vermont Rept. for 
1892, pp. 90-119, and Bull. No. 38. 

The Composition of Milk as Affected by Methods of Milking. 
Wisconsin Rept. for 1889, pp. 44, 51, 61. 


CHAPTER III. 


Milk Tests. (Short, Lactoscope.) Illinois Bull. No. 9, pp. 293-302. 

Investigation of Milk Tests. (Short, Parsons, Failyer and Willard, 
Cochran, Patrick,) Illinois Bull. No. 10. 

Milk Tests: Methods of Testing Milk. (Patrick, Babcock, Beim- 
ling, Gravimetric.) Illinois Bull. No. 14, pp. 462-467. 

Methods of Testing Milk. (Short, Patrick, Cochran, Babcock, 
Beimling.) West Virginia Bull. No. 13, pp. 41-63. 

Testing Milk. (Short, Patrick, Cochran, Babcock, Soxhlet, Beim- 
ling.) West Virginia Report for 1890, pp. 68-88. 

A New Volumetric Method for the Estimation of Fat in Milk, 
Skimmed Milk, Buttermilk and Cream. (Parsons.) New Hampshire 
Report for 1888, pp. 69-83. 

Babcock and Beimling Tests. Ontario Report for 1891, pp. 183- 
184. 

Simple Methods of Determining Milk Fat. (Short, Cochran, Gravi- 
metric.) Pennsylvania Bull. No. 12. 
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Comparative Test of Machines and Methods for the Determination 
of Fat in Milk. (Short, Beimling, Patrick, Babcock, Gravimetric.) 
Mississippi Bull. No. 15, pp. 5-16. 

A Description of Cochran’s Method for the Determination of Fat 
in Milk, for the Use of Dairymen. New York (Cornell) Bull. No. 
XVII. 

Jowa Station Milk Test. (Patrick). Iowa Bull. No. 8, pp. 295- 
316; No. 9, p. 355; No. 11, pp. 484-487. 

A New Method for Determining the Amount of Butter Fat in 
Milk. Mississippi Bull. No. 21, pp. 17-19. 

A New Milk Test. (Beimling). Vermont Bull. No. 21. 

The Lactanalyt, A New Milk Tester. Vermont Report for 1894, 
pp. 161-162. 

A New Method of Milk Analysis (Short) for the Use of Dairy- 
men, and a Comparison of Its Results with those Obtained by the 
Churn. Kansas Report for 1888, pp. 149-164. 

A Method for the Determination of Fat in Milk and Cream. 
(Parsons.) New York (State) Bull. No. 19. New Series. 

Feser’s Lactoscope and Fjord’s Centrifugal Controller, described 
in Ontario Report for 1885, pp. 207-208. 

Testing Milk at Creameries. (Short.) Vermont Bull. No. 16. 

The Schoch and Bolender Test Churn. Wisconsin Report for 
1884, pp. 23-25. 

Description of the Test Churn. Ontario Report for 1885, p. 201. 

The Oil Test for Cream. Wisconsin Bull. No. 12. 

A New Method for Determining Fat in Milk. (Short.) Wiscon- 
sin Bull. No. 16 and Report for 1888, pp. 124-136. 

The Babcock Milk Test was first described in Wisconsin Bull. 
No. 24 and Report for 1890, pp. 98-113. Improvements and modifi- 
cations are discussed in Bull. No. 31, pp. 3-16; Bull No. 36, pp. 
3-20; Bull No. 52, Report for 1892, pp. 219-244; Report for 1893, 
pp. 116-121. Compared with the Gravimetric Method in Report for 
1896, pp. 138-143. 

Elsewhere, the method has been described in Pennsylvania Bull. 
No. 33; Washington Bull. No. 18; New York (Cornell) Bull. No. 29, 
pp. 77-80.; Colorado Bull. No. 20, pp. 3-10; North Carolina Bull. No. 
113, pp. 101-111; West Virginia Bull. No. 13, pp. 52-57; Ontario Bull. 
No. LXI.; Bull. No. XCIII., pp. 5-6; Connecticut Bull. No. 106, pp. 
2-9; Bull No. 108, pp. 5-11; Bull No. 117, Report for 1894, pp. 209- 
244; Maine Bull. No. 3, Second Series; Bull No. 4, Report for 1891, 
Part 1l., pp. 71-80; Michigan Bull. No. 127; llinois Bull. No. 27; 
North Dakota Bull. No. 22; Pennsylvania Report for 1895, Part IL., 
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pp. 90-100; Nevada Bull. No. 16, pp. 41-51; Mississippi Bull. No. 15, 
pp. 7-14. 

Milk Sampling. Delaware Bull. No. XXXI. 

Composite Milk Samples Tested for Butter Fat. Illinois Bull. 
No. 16, pp. 504-515. Continued in Bull. No. 18, pp. 27-28. 

The Composite Sample. Preservatives for Keeping Milk—Samples 
for Testing. Jowa Bull. No. 11, pp. 482-484. 

Composite Samples at the Creamery—Chromate Preservatives. 
Towa Bull. No. 22, pp. 836-844. 

Detection of Adulterations in Milk. Wisconsin Bull. No. 31, pp. 
17-27; Bull. No. 36, pp. 21-31, and Report for 1892, pp. 245-257. 
Ontario Bull. No. XCIII., pp. 3-5; Vermont Newspaper Bull. Noa«4 

Lactometer and Milk Test for Examining Milk. Minnesota Bull 
No. 27, pp. 55-56. 

The Relation between Specific Gravity and Solids of Milk. Wis- 
consin Report for 1895, pp. 120-126. 

The Estimation of the Total Solids in Milk from the Per Cent 
of Fat, and the Specific Gravity of the Milk. Wisconsin Report for 
1891, pp. 292-307, and Report for 1893, p. 142. 

The Lactometer and Fat Test for Cheese and Condensed Milk 
Factories Maine Bull. No. 4, New Series, pp. 6-10. 


CHAPTER IV. 


Dairy Bacteriology. U. S. Dept. Agr. Office of Expt. Stations. 
Bull. No. 25. 

The Fermentations of Milk. U. 8. Dept. Agr. Expt. Stations. 
Bull. No. 9. 

Souring of Milk. U. 8. Dept. Agr. Farmers’ Bull. No. 29. 

Milk Fermentations and Their Relations to Dairying. U. S. Dept. 
Agr. Farmers’ Bull. No. 9. 

The Isolation of Rennet from Bacteria Cultures. Connecticut 
(Storrs) Report for 1892, pp. 106-126. 

The Sources of Bacterial Infection, and the Relation of the Same 
to the Keeping Quality of Milk. Wisconsin Report for 1894, pp. 
150-165. 

Cleanliness in Handling Milk; Bacteriological Considerations. 
North Dakota, Bull. No. 21. 

A Mierogeus of Bitter Milk. Connecticut (Storrs) Report for 
1891, pp. 158-162. 

Pasteurization of Milk and Cream for Direct Consumption. Wis- 
consin Bull. No. 44. 
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Notes on Pasteurization of Milk and Cream. Wisconsin Report 
for 1895, pp. 158-173. 

On the Restoration of the Consistency of Pasteurized Milk aud 
Cream. Wisconsin Report for 1896, pp. 81-94, and Bull. No. 54. 

A Preliminary Bulletin on Pasteurization of Milk. Michigan Bull. 
No. 134. 

Preservation of Cream for Market. Maine Bull. No. 23, New 
Series. 


CHAPTER V. 


Aération and Aérators. New York (Cornell) Bull. No. 39, pp. 
90-94. 

Aération of Milk. Vermont Report for 1892, pp. 123-128. 

Concerning the Aération of Milk. Indiana Bull. No. 44, pp. 37-39. 

Town and City Milk Supply. U.S. Dept. Agr. Farmers’ Bull. 
No. 42, pp. 23-28. 

Variations in Fat of Milk Served to Customers in Dipping from 
Cans. New York (Cornell) Bull. No. XX., pp. 68-71. ‘ 

Variations in the Fat of Milk. Ontario Bull. No. LXVI. 


CHAPTER VI. 


Cream Raising by Dilution. New York (Cornell) Bull. No. 20, 
pp. 61-67; Bull. No. 29, pp. 65-71]; Bull. No. 39, pp. 77-85; Illinois 
Bull. No. 12, pp. 376-377; Bull. No. 18, pp. 30-32; Vermont Rept. for 
1890, pp. 100-107. 

Other Methods of Setting Milk. Minnesota Bull. No. 19, pp. l1- 
19; lowa Bull. No. 25, pp. 39-40; Indiana Bull. No. 44, pp. 28-37; Wis- 
cousin Rept. for 1884, pp. 17-22; Rept. for 1893, pp. 147-150; Bull. 
No. 7, pp. 9-13; Bull. No. 29; Canada, Central Experimental Farm 
Rept. for 1891, pp. 89-104; Rept. for 1892, pp. 71-74; Ontario Rept. 
for 1894, pp. 142-144; Vermont Rept. for 1891, pp. 100-101; Maine 
Bull. No. 5, Second Series ; Utah Bull. No. 42. 
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part II., pp. 51-79, and Bull. No. 20; Bull. No. 27, Rept. for 1894, 
pp. 13-35; South Dakota Bull. No. 39; Vermont Bull. No. 27, and 
Rept. for 1892, pp. 136-143; Rept. for 1893, pp. 92-100; Rept. for 
1894, pp. 151-160; Wisconsin Rept. for 1895, pp. 151-157, and Bull. 
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pp. 178-179. 

Bacteria in the Dairy. Connecticut (Storrs) Rept. for 1895, pp. 
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The Garden-Craft Serirvs. 


Edited by Prof. L. H. BarLry. 


THE NURSERY-BOOK. 


By L. H. BAILEY. 
New Edition. Thoroughly recast and revised. 
16 mo, Cloth, $1. 


This little manual has been one of the most popular of all current horti- 
cultural books. It contains no discussions of the theory or physiology of the 
propagation of plants, but it isa simple and practical account of all the waysin 
which plants are multiplied. It has found a wide circulation, both amongst 
nurserymen and amateurs. Many new illustrations have been made for this 
edition, bringing the number of cuts up to over 150. In its revised form, the 
Nursery Book is the most complete propagating manual in the language. 


THE FORCING-BOOK, 


A MANUAL OF THE CULTIVATION OF VEGETABLES IN GLASS HOUSES. 


By L. H. BAILEY. 
16 mo, Cloth, $1, 


This is a handbook of instructions upon the forcing of vegetables for mar- 
ket, and is the completest work of the kind yet published in this country. 

It is based on years of careful experimentation at the Cornell University 
Station, and a long familiarity with the forcing business as practiced in many 
parts of the country. 

It contains full estimates of the cost of heating forcing houses, and of the 
labor necessary to run them. There is also an illustrated chapter on the con- 
struction of forcing houses, and another on their management. 


IN PREPARATION. 


THE PRUNING-BOOK. 
By L. H. BAILEY. 


It is strange that the one subject upon which horticulturists have always 
asked the most questions should be wholly without a treatise. The subject of 
pruning is so vitally connected with every horticultural occupation, and the 
questions which it presents are so numerous and so difficult of answer, that 
nothing less than an entire volume can ever set people right in respect to it. 
Professor Bailey has been making definite experiments and observations upon 
the subject for a number of years, and the results of these labors are ncw 
approaching readinesss for publication. The work will comprise the culture 
range of the theory and practice of pruning, both of fruit and ornamental 
trees and bushes, and it is expected to be on sale early in 1897. 
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The Rural Science Series. 
Edited by Pror. L. H. BaILey. 


THE SOIL. 


ITS NATURE, RELATIONS, AND FUNDAMENTAL PRINCIPLES OF MANAGEMENT, 


By FRANKLIN H. KING, 


Professor of Agricultural Physics, Untversity of Wisconsin, 
16mo, Cloth. 303 pages. Price, 75 cts, 


CONTENTS: Introduction.—Sunshine and its Work, The Atmosphere and its 
Work, Water and its Work, Living Forms and their Work, Over and Over 
Again; The Nature, Functions, Origin, and Wasting of Soils; Texture, 
Composition, and Kinds of Soil; Nitrogen of the Soil; Capillarity, Solution, 
Diffusion, and Osmosis; Soil Water; Conservation of Soil Moisture; Dis- 
tribution of Roots in the Soil; Soil temperature ; Relation of Air to Soil; 
Farm Drainage; Irrigation; Physical Effects of Tillage and Fertilizers. 


COMMENTS. 


“T consider it a most desirable addition to our agricultural literature, and a 
distinct advance over previous treatises on the same subject, not only for 
popular use, but also for students and specialists, who will find many new and 
useful suggestions therein.” EH. W. HILGarp, 


Director of Agricultural Experiment Station, Berkeley, Cal. 


THE SPRAYING OF PLANTS. 
By E. G. LODEMAN, 


Instructor in Horticulture in Cornell University. 


16mo. Cloth. 399 pages. Price, $1.00. 


CONTENTS. 


Part I. The History and Principles of the Spraying of Plants. 
ParRT II. Specific Directions for the Spraying of Cultivated Plants. 


COMMENTS. 


“This volume of the Rural Science Series not only gives a complete history 
of this comparatively new and important subject, but is a valuable manual as 
well, which should be in the hands of every farmer, gardener and fruit-grower. 
I shall take pleasure in recommending it to my students and others.” 

r . : i B. C. BUFFUM, 
The University of Wyoming Agricultural College, Laramie, Wyo. 

“This is a book for every gardener and every one who has a garden, for 
every fruit-grower and every farmer. The necessity of spraying for a great 
variety of garden, field, and fruit crops is now so generally recognized that a 
manual on the subject has become a necessity. The destruction of injurious 
insects and fungi occupies an important place in the operations of gardeners, 
farmers, and fruit-growers, and the very careful and elaborate manner in 
which the subject is treated in this volume is highly creditable to the author, 
and commends it to the attention of every cultivator."—Vick’s Monthly. 


THE MACMILLAN COMPANY. 
66 Fitviizevewae/WEWTEORK. 


The Garden - Craft Serivs. 


Edited by Pror. L. H. BAILEY. 


THE HORTICULTURIST’S RULE-BOOK. 


A COMPENDIUM OF USEFUL INFORMATION FOR FRUIT-GROWERS, TRUCK- 
GARDENERS, FLORISTS, AND OTHERS. 


By L. H. BAILEY, 


Professor of Horticulture tn Cornell University. 


Third Edition, Thoroughly Revised and Recast, with Many Additions. 
16mo. 302 pages. Cloth, Limp, 75 Cents, 


This volume is the only attempt ever made in this country to codify and con- 
dense all the scattered rules, practices, recipes, figures and histories relating 
to horticultural practice in its broadest sense. All the approved methods of 
fighting insects and plant diseases used and discovered by all the experiment 
stations are set forth in shape for instant reference. 

Among the additions to the volume in the present edition are: A chapter 
upon ‘‘Greenhouse and Window garden Work and Estimates ;”’ a chapter on 
“Literature,” giving classified lists of the leading current writings on Ameri- 
can horticulture ; lists of self-fertile and self-sterile fruits; a full account of 
the method of predicting frosts and of averting their injuries; a discussion of 
the aims and methods of phenology; the rules of nomenclature adopted by 
botanists and horticultural societies: score-cards and scales of points for 
judging various fruits, vegetables and flowers ; a full statement of the metric 
system, and tables of foreign money. 


PLANT -BREEDING. 


By L. H. BAILEY. 
16mo. 293 pages. Cloth, Limp, $1.00. 
Uniform with “ The Horticulturist’s Rule-Book.”’ 


CONTENTS 
The Fact and Philosophy of Variation. Borrowed Opinions, of B. Verlot, E. 
The Philosophy of the Crossing of A. Carriére, and W. O. Focke, on 
Plants. Plant-Breeding. 
Specific Means by which Garden Detailed Directions for the Crossing 
Varieties originate. of Plants. 
COMMENTS. 


“T have read the work on ‘ Plant Breeding’ by Prof. L. H. Bailey with keen 
interest, and find it just what I expected from such a source; viz., a most sat- 
isfactory treatise on a subject of most pressing horticultural importance. I 
shall earnestly commend the work to may horticultural classes.” 

E. J. WicKson, 
Agricultural Experiment Station, Berkeley, Cal. 

“The treatment is both scientific and practical, and will enable gardeners 
and horticulturists to experiment intelligently in cross-breeding. The sub- 
ject is fully elaborated, and made clear for every intelligent reader, Professor 
Bailey’s reputation, founded upon careful labor and observations in original 
investigations, is still further enhanced by the presentation of this excellent 
manual,”—Vick'’s Monthly. 
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66 BiSHB ASP Meena ORK. 


The Rural Science Series. 


Edited by Pror. L. H. BaILey. 


IN THE PRESS. 


THE. APPLE, 
By L. H. BAILEY. 


The work is tocomprise two parts—the first treating of all the practica: 
matters of apple-growing, and the second of such scientific matters as the 
botany of the apple, its history and evolution, production of new varieties, 
and the like. It is expected that the work will be completed and ready for 
publication in the fall 


MILK AND ITS PRODUCTS. 
By H. H. WING. 


THE FERTILITY OF THE LAND. 
By I. P. ROBERTS. 


Other volumes in the sertes to follow are: 


Physiology of Plants. By J.C. ARTHUR, of Purdue University. 

Grasses. By W. H. BREWER, of Yale University. 

Bush Fruits. By F. W. Carp, of University of Nebraska. 

Plant Diseases. By B. T. Gattoway, E. F. Smits, and A. F. 
Woods, of the United States Department of Agriculture. 

Seeds and Seed Growing. By G. H. Hicks, of the United States 
Department of Agriculture. 

Leguminous Plants. By E. W. Hincarp, of the University of 
California. 

Feeding of Animals. By W. H. Jordan, of Maine Experiment 
Station. 

Irrigation. By F. H. Kine, of the University of Wisconsin. 


IN PREPARATION. 


EVOLUTION OF OUR NATIVE FRUITS. 
By L. H. BAILEY. 
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